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MEMORANDUM: February 14, 1994

SUBJECT: D198389. Response to January 14, 1994 memo from A.
Maciorowski of EEB to H. Jacoby of EFGWB concerning
acetochlor and alachlor.

TO: _ Anthony Maciorowski, Chief
Ecological Effects Branch
Environmental Fate and Effects Division

FROM: Henry Nelson, Ph.D., Head 75//1Zl2441«_

Surface Water Section

Environmental Fate and Grouyndwater B anch/EFED
THRU : Henry Jacoby, Chief ﬁ”&j 2 /9’/?7/

Environmental Fate and o) wAter anc
Environmental Fate and Effedts Division

Question 1: Is monitoring information on alachlor useful in
assessing the environmental fate and exposure of acetochlor in
surface water?

Answer: Only qualitatively. Compounds that appear to have somewhat
comparable fate characteristics and uses such as alachlor and
acetochlor would be expected to have somewhat comparable
concentrations in the environment, but could still differ by up to
an order of magnitude in some places. Such differences may arise
because of uncertainty in the fate data, natural variation in fate
data due to differing environmental conditions, and because
pesticide concentrations in surface water depend upon many factors.
Consequently, even small differences in fate and use
characteristics between two pesticides can be propagated into much
larger differences in surface water concentrations.

Based upon computer inputs of almost identical K, and aerobic soil
metabolism half-lives, but a lower application rate and much lower
aerobic agquatic metabolism half-life for acetochlor, Ron Parker
reported estimated EECs for acetochlor of 1/10 to 1/2 those for
alachlor in the standard farm pond (See attachment A). Based upon
those results, EFGWB would expect that average acetochlor
concentrations in water bodies with long water residence times such
as closed ponds would generally be lower than those for alachlor.
However, there is substantial uncertainty in the determination of
aerobic soil metabolism half-lives for acetochlor since much longer
half-lives have been reported in studies in which exaggerated
application rates were used (unfortunately most of the data
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available is for studies with exaggerated application rates). The
lower half-life of 14 days was used because the application rate
used (though exaggerated) was less than most other studies. If
aerobic soil metabolism half-lives for acetochlor are generally
greater for acetochlor than for alachlor, it would to some degree
negate the lower aerobic aquatic half-life for acetochlor.

There is also some uncertainty in the aerobic aquatic half-life for
alachlor (175 days) since a USGS study on alachlor and other major
herbicides in 76 midwestern reservoirs (see below) indicate that
alachlor was not very persistent compared to atrazine.
&

Much of the difference in predicted EECs for alachlor and
acetochlor in a closed farm pond appears to be due to the much
lower agquatic metabolism half-life reported for and input for
acetochlor. However, differences in aquatic metabolism half-lives
should not affect average concentrations in rivers and streams
nearly as much as in ponds because even if a compound like alachlor
is relatively stable to aquatic degradation, it is physically
transported away from the sampling points in rivers and streams.

Question 2: Are the results provided in the attached document
(cover letter "dated January 12, 1994) 1likely to change the
estimated concentrations or loadings of acetochlor provided to EEB
December 22, 1993?

Answer: No, because as discussed in the first answer, EFGWB
believes that alachlor data can not be substituted for acetochlor
data for purposes of risk assessments.

Other attached documents consist of papers by Baker and Richards
(Attachment B), Richards and Baker (Attachment C), and Gustafson
etal (Attachment D). The Baker and Richards paper presents data on
the concentrations of alachlor in 8 tributaries of Lake Erie from
1983 to 1987. The Richards and Baker paper discusses much of the
same data, but extends it through 1991. The Gustafson paper is -
based primarily upon 2 surface water monitoring studies on alachlor
performed by Monsanto in 1985 and 1986.

The Monsanto studies’ data and some of the earlier (1983-1985) data
on alachlor in Lake Erie tributaries were previously summarized
by EFGWB in a January 25, 1993 memo to J. Housenger of SRRD from H.
Nelson of EFGWB (Attachment E). That memo also summarizes data from
6 other studies including some performed by USGS. The later (1986-
1991) data submitted on alachlor in tributaries of Lake Erie (see
Table 3 and Figures 6 and 7 of the Richards and Baker report)

is consistent with the. earlier data, and do not 51gn1f1cantly
affect the summary of alachlor data in surface water provided in
the January 25, 19293 memo.

None of the documents submitted by Monsanto nor the EFGWB January
25, 1993 memo summarizing alachlor data in surface water discuss
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the USGS study on 76 midwestern reservoirs (Goolsby etal -
Attachment F).

In rivers and streams, peak alachlor concentrations after post-
application runoff events (May-June) often exceed 4 times the MCL
(8 ug/L) and can occasionally exceed 50 ug/L (Table 3 of the
Richards and Baker paper, Figure 4 of the Goolsby etal paper).
However, concentrations generally decline to less than 1 ug/L by
late summer (see time series plots attached in the EFGWB January
23, 1993 memo). Late Spring to early Summer average alachlor
concentrations in rivers and streams often exceed the MCL of 2
ug/L, but annual average concentrations appear to be generally less
than 1 ug/L. Time weighted mean alachlor concentrations from April
to December 1991 for 8 tributaries of Lake Erie ranged from 0.15
ug/L to 0.89 ug/L (Table 3 of the Richards and Baker paper).

Contrary to a reported agquatic metabolism half-life for alachlor of
175 days (used in the mcdaling), alachlor appears to be much less
persistent in reservoirs than atrazine. Consequently, unlike
atrazine (whose concentrations in reservoirs often exceed those in
rivers and streams for most of the year), alachlor concentrations
in reservoirs appear to generally be comparable to those in rivers
and streams for most of the year (Figure 4 of the Goolsby report).
Although, peak concentrations of alachlor in streams and rivers are

. generally greater than. in reservoirs, the concentration of the

major degradate of alachlor (ESA) often exceeded that of alachlor
in the reservoirs (Figure 4 of the Goolsby report).
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DP BARCODE: D198389

DATA PACKAGE RECORD DATE: 01/14/¢
BEAN SHEET Page 1 of 1

* % * FREE STANDING DATA PACKAGE #* * #*

THERE IS NO CASE OR SUBMISSION DATA

*

* * * DATA PACKAGE INFORMATION * * *

DP BARCODE: 158389 EXPEDITE: N DATE SENT: 01/14/94 DATE RET.: / /
CHEMICAL: 121601 Acetochlor (ANSI)
DP TYPE: 001 Submission Related Data Package

CSF: Y LABEL: N

ASSIGNED TO DATE 1IN DATE OUT ADMIN DUE DATE: /[ /
DIV : EFED cf1iY1q / A, NEGOT DATE: [ [/
BRAN: EFGB AN, ]/ PROJ DATE: [/ [
SECT: SWS !/ /]

REVR : / !/ 1

CONTR: /] /- /

* * % DATA REVIEW INSTRUCTIONS * % *
Please evaluate the attached alachlor monitoring data and
determine if it changes the estimated exposure of acetochlor
in surface waters as provided to EEB in December, 1993.
Thank you.

* % % DATA PACKAGE EVALUATION * % *
No evaluation is written for this data package

THERE ARE NO ADDITIONAL DATA PACKAGES
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w7 WASHINGTON, D.C. 20460
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MEMORANDUM - OFFICE OF

PREVENTION, PESTICIDES AND

] N TOXIC SUBSTANCES

SUBJECT: Request for Review of Alachlor Dat for Acetochlor
&/”

Exposure Assessment , 7
/23 /té;,;
A —
on 7507C 442%??
TO: Henry M. Jacoby, Chief

Environmental Fate and Ground Water Branch
Environmental Fate and Effects Division H7507C

[
FROM: / Anthony F. Maciorowski, Chief
L Ecological Effects Branch
| Environmental Fate and Effects Div

2

The EEB has been provided information on the results of
surface water monitoring with alachlor. The Acetochlor
Registration Partnership believes that this alachlor monitoring
information provides useful information to predict the behavior of
acetochlor in the environment, and should be considered when
estimating how much acetochlor might get into surface water.

Please evaluate this information and determine the following:

1- Is monitoring information on alachlor useful in assessing the
environmental fate and exposure of acetochlor in surface water?

2- Are the results provided in the attached document (cover letter
dated January 12, 1994) likely to <change the estimated
concentrations or loadings of acetochlor provided to EEB December
22, 19932

If it is appropriate to use the results of the alachlor
monitoring to predict or characterize the behavior of acetochlor,
and if the results change the estimated loading and concentrations
in surface water to which fish, aquatic invertebrates and plants
may be exposed, please indicate what the new exposure
concentrations are. Please provide the estimations based on the
same application rates and same scenarios and conditions used in
the December, 1993 modeling.

Please provide Dan Rieder with an estimated completion date
after you have had a chance to schedule this request. Thank you,
and if you have questions, please contact Mike Davy or Dan Rieder.
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Acetochlor Registration Partnership
c/o ZENECA Ag Products
P. O. Box 751
Wilmington, DE 19897

January 12, 1994 302-886-1218

HAND DELIVERED

Mr. Robert J. Taylor

Registration Division

Document Processing Desk (H7504C)
U.S. Environmental Protection Agency
Room 266A, Crystal Mall 2

1921 Jefferson Davis Highway
Arlington, Virginia 22202

Dear Mr. Taylor:

RE: Surface Water Monitoring Data

We have been advised that the Ecological Effects Branch has requested copies of the
references noted in the Acetochlor Registration Partnership review document on
Ecological Effects data submitted to your office on March 30, 1993. Two copies of
each of the references are enclosed.

As stated in the review document, it is the Acetochlor Registration Partnership’s belief
that the surface water monitoring data collected for alachlor provides the best
available information to determine the Expected Environmental Concentration for the
use of acetochlor on corn.

Please use this information in conjunction with the information provided by the
Agency’s computerized modeling programs to evaluate the acceptability of our request
for registration. :

Respectfully submitted,

Robert Ridsdale, Ph.D
Managing Agent
Acetochlor Registration Partnership

Attachments
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Acetochlor-Alachlor Comparison

Input Parameters (where different)

Parameter Acetochlor Alachlor
(Units)

Application Rate 2.6 3.6

(Kg/Ha) )

Aerocbic Soil 14-55" 21

Half-1life (Days) 110-300

Aerobic Aquatic 14 175"

Half-life (Days)

Solubility 233 242 “

Molecular Weight 270 270

Vapor Pressure 4.5e-5 2.2e-5

Soil KOC 200 190

Function of application rate and possSibly texture.
Half-1life of 14 days used in modelling.

** Extrapolated

These differences may or may not be real. The one
difference known to be real is the application rate. Acetochlor is
applied at 2.6 kilograms per hectare and alachlor at 3.6 kilograms
per hectare. The aerobic soil half-lives for acetochlor are very
different between Zeneca and Monsanto. I have used a Monsanto
value. On that basis it is hard to argue that there is a real
difference between the two chemicals but these numbers lead to the
differences in the attached graphs.

Another big issue is the toxicity of the multiple
metabolites. This modelling reflects disappearance of parent only
and not necessarily disappearance of toxicity. Levels of
metabolites in ground water are much (20x) higher than that of the
parent. Is this true in surface water as well. The alachlor
monitoring data are likely to shed some light on that.
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PESTICIDE CONCENTRATION PATTERNS IN
AGRICULTURAL DRAINAGE NETWORKS
IN THE LAKE ERIE BASIN

R. PeTer Ricranos and Davip B. Baxer®
‘Water Quality Leboratory, Hridelberg College. 310 East Market Street, Tiffin, Ohio 44823

(Received 24 October 1991; Accepied 10 Merch 1992)

Abstract—This peper presents information on pesticide concestrations in Lake Erie uibutaries drgin-
ing agricultural watersheds, information di from data sets spanning nestly 8 decade aud in-
cluding up t0 750 samples per tributary. Pesticide concenerations ere strongly skewed and

lognormal. Average conoentrations in tributaries are correlated with the amount appbed in the ba-
sin, but with important secondary effects from chemical ies end modes of application of the
pesticides. During runoff of storm events following applicstion, concentrations rise rapidly. pesk
about the time of peak discharge, and decline stowly thereafter. These patterns do not msetch thote
for nutrients, major ions, or sedimem, indicating s different pathway from the fields for pesticides.
On sn arwal basis, eievated monthly aversge concemtrations are usuaily observed from May to As-
gust, and low concentrations are present during the rest of the year. Monthly average concentra-
tions of atrazine and alachior generally exceed maximum contaminant jevels (MCLs) m 2t least one
month following apphication, but those of other herbicides do not. Annual averages are below MCLs
for ail compounds. No long-term irends are apparent, Comparisons of patterns in large and small
tributaries show that smalf tributaries have higher maxiraum concentrations, more freguent con-
centrations below detection limit, and fewer intermediate concentrstions. Smaller uibutaries bave
more strongly skewed distributions and much greaver temporal vasiability in covcemtrations thas

dao larger rivers.
Keywords—Pesticides  Agricultural nmoff

INTRODUCTION

In the thinking of the public and even of many
environmental scientists, the term pesticide carries
connotations that are a legacy of DDT and other
organochlorine compounds, most of which are no
Jonger used or are of very restricted tse in the United
States. These connotations include bioconcentra-
tion, fat solubility, limited solubility in water, and
resistance to degradation, all of which led to sub-
stantial and lasting impacts on nontarget organisais,
particularly top predators in the food chain. By con-
wast. most of the pesticides in use today, at jeast

- those used on row crops in the Midwest, are trans-

ported in aquatic systems primarily in the dissoived
state, have much shorter hall-lives, are subject to
minimal biceccumulation., and have smaller impacts
on nontarget organisms. This is particulerly true of
berbicides, which are used in much greatet quan-
tity than insecticides and other pesticides.

Due to the great chemical differences between
current-generation pesticides and the clder organo-
chiorine compounds, the pathways of migration

&To whom correspondence may be addressed.

" Nonpoint pollution

through the environment are very different. De-
tafled information about concentration petterns of
current pesticides in different enviroomental com-
partments has been largely lacking. Upthl recently,
public water supplies were not required to analyze
for these compounds, and cxrrent sampiing require-
ments are not very well desigoed (0 characterize their
concentration patierns, at Jeast in rivers, Por vari-
ous reasons, many other monitoring programs heve
tended to ignore current-generation pesticides, and
agricultural research programs have focused on
edge-of-field concentrations, leaving the effects of
transportation throughout the drainage network
fargely unstudied. However, several studies bave
documented the seasonal presence of herbicides,
most commonly atrazine and alachlor, in rivers
draining agricultural watersheds in the United States
and Canada [1-5]. A few authors have reported pes-
ticide concentrations in relationship to storm run-
off [6,7], but the sampling interval of most studies
is too long to resolve these patterns very clearly. One
recent study provides an exceliest analysis of trends
“in atrazine concentrations and loads in Cansdian
tributeries to Lake Erie [8].
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The Water Quality Laboratory at Heidelberg
College (Tiffin, OH) began measuring pesticides in
tributaries draining agricultural landsin 1981. With
a2 focus on storm-runoff monitoring inberited from
nutrient-runoff studies aiready underway, we im-
mediately found considerable quantities of several
herbicides in storm runof{ [9] at a time when many
sgricultural scientists were proclaiming that pesti-
cides adsorbed to the soil and would rarely show
npinﬁvmatmmemmmcekvekofoonm
tion. Since then, we have developed extensive data
on pesticide concentrations in rivers wibuzary to
Lake Erie and draining basins with Jand uses rang-
ing from 80% ngrictﬂ!uraltomsdyutbmmdfor-
ested. Thepurposaofﬁﬁspapumtodea‘ibemd
illustrate the general patiemns of pesticide runoff re-
vealed by these data and to consider sore of their
implications.

MATERIALS AND METHODS

The Water Quelity Laboratory’s sampling pro-
gram for pesticides is operated at U.S, Geological
Survey siream-gaging stations and utilizes autosam-
plers to collect samples. The sampling {requency
and paitern have varied somewhat from year to year
and from station to station, but at present three
samples per day are collected between April 15and
August 15, during which time most of the pesticide
export occurs (this period will be referred to as the
pesticide runoff season, ot adjectivally using the
term seasonal ). All samples from nunoff events dur-
ing this period are analyzed, whereas (w0 samples
per week are analyzed during low-flow periods. At
least 1wo samples per month are collected and ana-
lyzed at other times of year (nonrunoff season and
nonseasonal).

At present, pesticide sarnples are being collected
from stations on five tributaries (Table 1). Thesesta-

m«:ovunwidem;eofduimtehsinmnd
some stations are on tributaries 0 mainsterns that
mahomonnmad.mprommhamedme
mm4,000mhsﬁomhke&ienimbm
its inception.

Samples are prepared for analysis using liquid-
tiquid extraction without filtration. I these samples,
almnaﬂoflhepesﬂddekptmtm:hzm

phase. This has been shown directly by analysis of

filtered and unfiltered splits of some samples and
by comperisons on split samples of our unfiltered
results with those of other laboretories that filter
their samples. Furthermore, it is consistent with ob-
servations that the timing of movement of pesticides
andsnspendedsed!mentinﬂvmildiﬂm,ais
their persistence in the water colurnm when 2 river
enters 2 lake. Finally, it is comsistent with what
would be expected, considering the pesticide parti-
tioning coefficients together with the relative vol-
umes of sediment and water present in the sample.

Samples are analvzed on a dual-columa GC
using nitrogen-phosphorus detectors. Details of the
analytical methodology are presented elsewhere
{10,11]; the method {s very similar to Environmen-
tal Protection Agency (EPA) Draft Method 507
{12]). The analytical program quantifies 13 berbi-
cides and insecticides. They are listed together with
their quantitation limits in Table 2, ranked by the
amount of active ingredient applied to Ohio crop~
fands in 1986 {13]; all 13 were in the top 20 by use
in Ohio. Together, these compounds account for ap-
proximately 90 weight perceat of the active ingre-
dients applied angually in herbicides in the Lake
Erie basin of Ohio and 75% of those spplied in
insecticides, based on the data of Waldron [13].
Table 2 also lists soil half-lives, sofl organic mat-
ter/water partition coefficients, and lifetime heaith
advisory levels (LHAL) or maximum comsminant

Table 1. Water Quality Laboratory sampling stations for pesticides in the Lake Eric basin

Land use®
Tributary Watershed Dates of Totsd no.
Tributary to waakm?) C P £ W O operation  of samples
R. Raisin Lake Erie . 2.699 67 7 9 3 14 1923-19%9 158
Maumee R. Lake Erie T 16,398 16 3 4 9 1983-1990 386
Lost Creek Mavmee R. 1.3 32 0 1 1 5 1983-1991 §1?
Sandusky R. Lake Erie 3,240 0 2 9 2 7 1983-1991 639
Honey Ck. Sendusky R. - 386 83 1 10 l 6 1983-1991 834
Rock Ck. Sandusky R. 88 81 2 12 t 4 1983-1991 754
Huron R. Lake Erie 961 73 4 12 2 ] 1988-1991 254
Cuvahoes R, Lake Erie 1,831 ) 43 29 3 21 1983-1990 | ]

sLand-use categories indicate percentage of basinin C. cropland; P, pasture; F, foresied; W, water: O, other. Date

from (40].

91382885010 (<
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Detes of Total no.
operation of samples

19831989 158

1983-1990 586
19831991 517
1983-1991 639
1983-1991 834
1983-1991 - 744
1988-1991 254
1983-19%0 in

: W, water; O, other. Data
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Table 2. Pesticides quantified in the Water

Quality Laboratory monitoring program

Quantication Rank by LHAL
Common {imit amount used  Half-life  Seil or

Compound name Type* /L) in Ohio, 1986® ()¢ K, MCL®
Alachior Lasso? H 0.0% 1 1$ 170 2.0
Mctolachlor  Dual® H 0.08 2 90 200 100.0
Atrazine Astrex® H 0.05 3 60 100 3.0
Cysnarine Bladex® H 0.05 4 i4 190 {00
Metribuzin Lexone?®, Secor® H 0.1 S 30 41 2000
Liouron Lorox? H 0.2 7 60 370  sone
Terbufos Counter® 1 0.01 3 s 1.000 0.9
Butyiste Sutan?® H 0.08 L 1o 13 400 3600
Chlorpyrifos  Lorsban™ 1 0.02 16 30 6,070 20.0
EPIC E A4 H 0.05 17 6 200 nome
Phorate Thimat? 1 0.01 13 90 2,000 none
Fonofos Dvfonate® 1 0.0 19 40 870 100
Simazine Princep® H 0.08 20 60 130 40
*H = herbicide: [ = insecticide.

*Dara from Waldron {13].
<Data from Waucope et al. {41]).

K. = Soil organic matter/water partition coefficient at 20 to 25°C.
L HAL = lifetime health advisory level cstablished by the EPA; MCL = maximum contaminant jevel established by
the EPA. For many compounds, the LHAL and the MCL are the same. Units expressed us ug/L.

{evels (MCL), properties that reflect the expected
behavior of these compounds in the environment
and their relative potential for human health effects.

Unless otherwise specified, results are based on
concentration data that have not been corrected for
recovery, which typically falls between 75and 85%
for the six compounds seen in largest concentra-
tions. The results discussed befow are based on sam-
ples collected between the beginning of 1983 and the
end of 1991,

All analytical results are retained for statistical
purposes. regardless of whether they are higher than
the quantitation limits listed in Table 2. Analytical
results that fall below the quantitation limit are con-
sidered unreliable as measurements of concentra-
tions in individual samples: nonetheless, they are
the best available estimates of the actual concentra.
tions for use in studies such as ours, which seek t0
characterize populations of measurements. Several
papers in recent years {14-17] have pointed out the
biases that can enter siatistical summaries, such as
estimates of mean and median concentrations, when
low-level data are censored; these papers have ar-
gued for the use of uncensored data whenever pos-
sible. We have followed that practice in this paper,
and for the same reasons we report summary sta-
tistics at their calcutated values, regardless of where
they fall relative 10 quantitation limils.

Pesticide concentrations for specified intervals
of time are calculated either as time-weighted av-

erage concentrations (TWMCs) ot as flow-weighted
average concentrations (FWMCs), defined by

;Q‘i ;Cl%’i
TWMC = and FWMC =
zli E‘:GI’Q

where c, is the concentration for the ith time pe-
riod, ¢; is the instantaneous flow at the time the
sample was taken, and ¢, is the time characterized
by that concentration. We generally assign each
sample a time equat to half that between itand the
preceding sample, plus half that between it and the
following sample, except that neither time interval
may exceed 7 d. The great majority of these inter.
vals do not exceed 2 d. and most longer intervals
are during low-flow periods at times of year when
pesticide concentrations are fow. Use of time
weighting is necessitated by our seasonally and flow-
stratified sampling sirategy and by occasional gaps
in the record, to avoid biasing the mean toward con-
cemtrations from high-flow periods and to avoid giv-
ing samples adjacent to gaps undue influence. if
sampling were at a fixed frequency, the TWMC
would be equivalent to the simple mean. Time
weighting is appropriate for many purposes, be-

_cause the potential impacts of pesticides on in-

stream organisms, or on human populations who
rely on these rivers for drinking water, are basically
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independent of flow. However, for estimating load-
ing rates the flow-weighted average is more appro-
priate {18}. '

A useful way to display and compare concentrs-
tion patterns is to represent them as concentration
exceedency curves. In this paper, they have been cre-
sted by sorting the data by decreasing concentre-
tion, allotting a time to each sample as sbove, and
then plotting concentration on the vertical axis
against cumulative time, expressed as a percentage
of total time, oa the horizontal axis. These plots are
analogous to cumulative frequency distributions,
but with the axes switched and with the observations
weighted by time. They sre particularly convenient
for determining the percemage of time a given con-
centration is exceeded, and for otherwise compar-
ing concentration distributions to standards for the
protection of health or aquatic life, when the time
sequence of the concentrations is not important.

BASIC ATTRIBUTES OF
PESTICIDE CONCENTRATIONS

The raw concentration data for all paramcters
and all tributaries are strongly rigiit skewed, Theex-
ample in Figure 1A shows two parameters, repre-

%0 D.B. Baxsr

senting the extremes of skewness among the six most
commonly detected pesticides. The data are from
the Maumee River, which has the least skewed dis-
tributions. Because the sampling program is de-
signed to emphasize the higher concentrations thet |
occur during runoff events, the sample distributions
are less skewed than the parent distributions from
which they are drawn. To more gearly reflect the
parent distributions of in-stream concemtrations,
time-weighted distributions for the seme purameters 73588
are shown in Figure 1B. Experiments with the fam- 208

ily of power mnsfoma_ﬂons 1%
» - -
¥-1 p+so
é,(2) = p
Inx p=0

show that these data are approximately lognormal. -
If pis confined to integers, p = 0 is the best trans-
formation for normality. For some parameters, g :
fractional exponent may be more satisfactory; the 4
fourth-root tramform ( p = 1/4) was optimal for the -

alachlor dets, shthough it was only slightly better
then the log transform.

400 250
300 001 - A ¥
200 150 :
100
o . % |
0 18 22
ALACHLOR ATRAZINE
100 100 | 3
- g0l 80 B
60 601[j .
i
40 401!
20 20
he . —
B 0 22
0 ALacHLOR ATRAZINE

Fig. 1. Distributions of atrazine and alachlor in samples from the Maumee River. Histogram bar width is { pg/L.
(A) Sample distributions; vertical axis gives numabers of samples. (3) Approximately unbiased distributions; vertical

axis gives percentage of time concentration is present.
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Concentrations of six major pesticides at seven
monitoring stations ate summarized in Table 3. The
six listed pesticides are the most heavily used in Ohio
asmong those quantified by our methods; they are
also the ones most frequently detected, and in the
highest concentrations, at the monitoring stations.
In this tabie, many medians and means are lower
than the quantitation limit for individual samples,
and quite & few medians are 2ero (21 least to two dec-
imal places), reflecting the extreme skewness of the
distributions. For the purposes of this paper, ttis
ot very important whether a particular mean or
median is really 0,0002 or 0.005 or 0.011. What is

more important is that these valves are very small,
both in comparison to health standards and in com-
pavison to the concemrations that define the pat-
terns we will discuss below.

Octurrrences of the remaining seven pesticides are
summarized in Table 4. Because they occur infre-
quently at concentrations above their quantitation
Timits and are typically not detected, we do not at-
tempt 1o estimate means ot medians for these com-
pounds but only report the percentage of analyses
sbove quantitstion limit, the maximum observed
concentration, and the 95th peroemtile concentra-
tion (time-weighted).

Table 3. Concenrations (xg/L) of major herbicides at the monitering stations, April 1983 to December 1991

River
basin area
am?) Parameter®  Atrarine  Alschior  Metolachlor  Mearibuzdn  Cyenazine  Limoon
Msemee Max 21.45 i8.38 26.20 .M 9.96 129
(16.295) 95 7.47 35.00 s.32 1.93 1.97 0.00
e 0.58 0.00 0.28 0.01 0.03 0.00
TWMC 1.61 0.54 1L.16 0.29 0.38 0.0%
FWMC 1.7 0.84 1.14 0.3% 0.46 0.02
Sandusky Max 24.61 36.13 36.76 9.2¢ ©19.87 6.5
(3,240 95 8.84 .76 8.59 1.68 1.73 0.29
s0 .53 0.00 0.38 0.00 0.00 0.00
TWMC 1.78 0.66 1.65 0.28 0.3 0.08
. FWMC 1.69 0.65 1.49 0.23 0.21 0.03
Honey Ck. Max 34.04 £4.87 95.78 10.52 17.47 15.50
(386) 98 10.8% 444 9.08 128 207 0.63
0 0.66 0.11 0.35 0.00 0.03 0.00
TWMC 2.33 0.89 1.80 0.24 0.4 0.7
FWMC 2.47 1.13 1.57 0.28 0.38 0.20
Rock Ck Max 48.63 23.40 96.92 15.95 6.7 12.01
(38) 95 6.61 2.16 8.18 1.20 9.71 0.68
$0 0.2t 0.00 0.47 0.00 0.00 0.00
TWMC 1.4 0.39 1.62 0.23 0.i8 0.5
FWMC 1.69 0.48 1.47 0.19 0.28 0.16
Lost Ck. Max 68.40 64.9¢ 63.64 25.15 2.6 13.44
(1.3 95 $.67 .07 3.08 0.80 1.64 0.00
] 0.27 0.00 0.00 2.00 0.00 0.00
TWMC 1.20 0.48 0.62 0.20 0.0 0.0
FWMC 2.4 1.26 1.17 0.29 0.90 0.08
Cuyshoga Max 6.80 1.16 $.39 1.49 1.36 5.04
.831) 98 0.99 0.24 0.63 0.28 0.7 0.06
50 0.09 0.00 0.00 0.00 0.00 0.00
TWMC 0.3 0.04 0.1% 0.07 0.05 0.08
FWMC 0.23 0.03 0.03 0.09 0.01 0.00
Raisin Max 12.46 7.52 5.91 2.46 3.7 1.92
Q.69 $s 39 2.02 1.50 0.37 1.13 0.18
50 0.30 0.00 0.00 ~ 600 - 0.00 0.00
TWMC 0.76 0.37 032 0.11 0.21 0.08
FWMC LY 0.7% 0.48 0.20 0.33 0.08

*Lixted in each block, from top t0 bottom. are the maximurs observed concentration, the 95th and SOth percentiles
(time weighted), the time-weighted average concentration ETWMCQ), and the flow-weighted sverage concentration
(FWMC). Concentrations have not been adjusted for recovery. Analyses are of unfiltered samples.
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Table 4. Occusrences of minor pesticides at the mou‘toiing stations, April 1983 10 December 1991

River Parameter® Terbufos Butylsie® Chlorpyrifos EPTC® Phorate® Fonofos. Simazine

Mawure Max .16 0zr 0.482 19% 0.0%0 2.4%0 2,374
95 0.005 0.049 o.onl 0.06% 0.000 0.063 0.486

%>QL 6.89 12.69 0.33 19.60 4.48 18.22 $71.80
Sandusky Max 1.120 5.727 3.836 14.186 0.863 2.503 6.006
95 0.006 0.044 0.020 0.043 0.004 0.026 0.270

. %>QL 1138 2. . 1.06 4.09 $.00 18.62 4£8.41
Honey Ck. Max 030 0.728 0.178 5.696 0.226 §.665 6.493
95 0.002 0.022 0.009 0.054 0.000 0.022 0.228

% >QL ) 432 11.11 0.00 15.67 3.57 13.54 45.86
Rock Ck. Max 0.664' 0.613 0.792 1.639 0.09%0 3.343 3.683
95 0.002 0.019 0.027 0.062 = 0.000 0.00¢' 0.137

%>QL 5.4 10.20 0.52 18.53 2" 10.61 2992
Lost Ck, Max 0.483 0823 0.161 21.065 0.202 11.858 6.991
98 0.002 0.000 0.000 0.000 0000 0.0 0.124

% >QL 5.5 : a7 6.00 6.19 32 15.48 34.43
Cuyzhoga Max 1.057 0.493 0.500 0.86S 0.944 3.750 2.530
95 0.007 0.030 0.037 0.021 0.000 0.041 0.638
%>QL 10.00 ' 15.46 0.57 6.19 3.09 27.65 $4.97
Raisin Max 0.34} .37 0.251 0.9 0.004 0.959 1.033
98 0.000 0.000 0.600 0.000 0.000 0.015 0.216

%>QL 6.96 1.6 0.63 M 0.00 14.01 33.54

] isted in each block, from top 1o dottom, are the maximum. the 95th percentile of concentration (time weighted),
and the percentage of samples in which the pesticide exceeded the quantitation limit. Concentrations are reported
as pg/L and have not been adjusted for recovery. Analyses are of unfiltered samples.

*Not quamified in samples analyzed before 1986.

An overall direct relationship between the
amount of pesticide used and the TWMCs observed
in river samples is shown by Figure 2. Given the
great range of the quantities used, this relationship
is hardly surprising. There is also an inverse rela-
tionship between TWMCs and amount used for the
three most extensively used pesticides— alachlor,

4013 Sandusky River

£ Maumee River | Atrazine
[ ]
e Metolachior

v
(=3

o Alachlgr
o

TWMC (igh)
N
b o

-t

&

0 400 800 1200
Metric Tons of Pesticide Used

0.0

Fig. 2. Relationship berween pesticide use and average in-
stream concentrations. See Table | 1o identify Jess used
pesticides.

metolachior, and atrazine. This pattern is related
to the ease of mobilization of the three compounds
and to their relative half-lives: Atrazine has 2 more
sustained chemograph during storms than alachlor
and occurs longer in runoff afier the period of ap-
plication: metolachlor is intermediate.

TEMPORAL PATTERNS OF
PESTICIDE CONCENTRATIONS

Pesticide concentrations are highly variable over
time in these rivers, 3nd severaj scales of temporal
variability can be identified, including at least an
annual cycle and storm event signatures, as well as
interactions between the two, and longer term pat-
terns involving year-1o-year variation end perhaps
persistent trends related to amount of compound
in use, weather cycles, and so forth. The illustra-
tions of these patterns, which follow, draw on data
for the most cxtensively used herbicides. Patterns
for compounds used in smaller quantitics appear to
be similar, although they are less clearly defined be.
cause the in-stream concentrations are lower and
consequently their patterns tend to be noister. In
particular, the insecticides isted in Table2occurin
very low concentrations, because the amounts used
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rapid, spplication {s ¢
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are roughly an order of magnitude less than those
for herbicides and because breskdown is more
rapid, application is more likely to involve incot-
poration into the soil, and binding to the soil is
gtronger.

Seorm event signature

Most of the fand in the Lake Erie drainage ba-
sin in Ohio has heavy soils with high clay content,
which seal quickly during rainfall, producing over-
fand flow that crestes 4 mrong storm sunoff re-
sponse in the tributary. The discharge pattern
observed over time is called the bydrograph; simie
larly. the concentration paltern of a chemical con-
stituent in transport is called 2 chemograph. A
tvpical storm hydrograph is shown in Figure 3A.
The chemographs of most constituents are related
to the storm runoff shown by the hydrograph, in

ways that reflect their mechanisms of movement
from the land into and downstream along the
tributary.

Suspended sediment concentrations rise sharply

end rapidly, often peaking before the peak flow
(Fig. 3B). This advanced peak has been explained
both as a consequence of resuspension of channel
sediments [20] and as 3 result of routing of water
from individual fields into and through the tribu-

tary system [21].

Constituents that are carried wmostly or entirely'

adsorbed onto the sediment show similar chemo-

graphs,
mograph peaks early but declines more siowly than

suspended sediment because some of the phospho-

notably total phosphorus (Fig. 30). Its che-

rus is transported in solution. Increasing particu-
{ate phosphorus-to-sediment ratios with decreasing
sediment grain size may aiso play avole because the

Flow(cls) A 400 Chioride, E
m.
400, 30.0
2004 20.04
0 | 100
Suspended sofids B Atrazine F
3000 4
2000 -
1000 4
o
Total phosphorus C
2.0/ ’
1.0
0.0 v
Nitrate + nitrite D Metolachior H
18.0 801
80 4
10.01 40
50 20
0.0 . J e
oz4aeloz4es1o
Days beginning May 15, 1986 Deys beginning May 15, 1986 .

Fig. 3. Storm runoff patterns for Honey Creck for the period from May 1510 z_c,.ms. Concemration units for ber-

bicides are micrograms pex biter; units for other parameters except flow are

per liter.
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coarser sediment tends to drop out of suspension
first.
Nitrate (Fig. 3D) reaches the tributaries primar-
ily through tile systems draining the fields [22]. its
short passage through the ground into the tile sys-
tem slows its delivery to the stream and causes fts
chemograph to peak a5 the hydrograph is declining.
Compounds that are essentially missing from
and not rapidly mobitized by the rainfall, such a5
calcium, magnesium, bicarbonate, sulfate, and
chloride, are present primarily in base-flow river wa-
ter and groundwater contributions to the runoff
hydrograph. They are diluted by the rainfall and
consequently often have chemographs that are
neatly mirror images of the hydrograph (Fig. 3E).
Chemographs for pesticides are quite similar 10
each other tant diffezent from any mentioned above.
Pesticide chemographs (Fig. 3F-H) match the hy-
drograph more nearly than they do the other che-
mographs. Concentrations rise and fall moresiowly
than suspended sediment and total phosphorus, but
more rapidly than nitrate. This indicates that the
pesticides are not being carried primarily adsorbed
onto sediment, a fact that is borne out by compari-
son of concentrations in fikered and unfiltered sam-
ples. by the similarity of concentrations in raw and
finished drinking water when carbon filtration is not
employed (23,24], and by the dissimilar patters of
concentration change when river plumes enter 2 bay
(25]. Because nitrate serves a8 marker for tileef-
fluent, the peak pesticide concentrations cannot be
antributed to tile flow either. Studies of strazine con-
centrations in tile effluent from this region show
much lower atrazine concentrations than those gen-
erally found in the stream systems {26.271. The pes-
tidide chemograph appears to reflect sotution from
surface and near-surface soils, operating continu-
ously throughout the rainfall event.

Sandusky
River
10.0- 19980
0.0-—2—a—2—4 - .

3

Atrazine, pg/L

N

Although these qualitative reladionships are quite
consistent. they cannot easily be raised to a quanti-
tative level thar wouid allow the chemograph to be
predicted from the hydrograph. The relationship in-
volves at least the following factors [28 29): dura-
tion and intensity of the rainfall event, recent
rainfall history, time since application, soil type,
crop condition, water and soil temperature, pesti-
cide use history, and chemical characteristics of the
pesticide.

Annual cycle )

The annual cyele of pesticide concentrations in
these rivers is essentially one of storm event chemo-
graphs modified by an annual pattern of availabil-
ity of pesticides. Half-lives mostly shotter than three
months, seasonal application, seasonally variable
rainfall, and frozen soils in the winter contribute to
2 broad pattern of declining availability of pesticides
from the time of epplication one year until the ssme
time the next year. Herbicide chemographs for the
Maumee and Sandusky rivers and Honey Creek for
the pesticide runoff season for each of the years 1982
through 1985 were presented by Beker [18]. Fig-
ure 4 shows 2 representative annual hydrograph and
chemograph for atrazine. The first runoff fellow-
ing application is characterized by high pesticide
concentrations, often the highest for the year.
Thereafter, succeeding storm runoff everts tend to

have lower concentrations. The period from July
15 toSeptemberwisuomaﬂyq\ﬁtedry.Tbeoc-
casional rainfall events during this period may pro-
duce virtually no increase in runoft but may
be marked by concentration peaks. The fall and
winter typically have higher stream flow and more
runoff events, but pesticide concentrations are de-
clining, reach very low levels by winter, and remnain

- » until the following application season.

0
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[2)
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L
.

L 20000

Fig. 4. Annual hydrograph and atrazine
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Pesticide concentrasions in agriculteral trivutaries : 2

The annual pattern of pesticide concentrations
is summarized by monthly TWMCs in Figure S.
These TWMCs represent the average exposures to
in-sream biota or (for most quantified compounds)
t0 the human population using the river as 2 public
water supply, if carbon filtration s not emploved
[23,24.30}. Although much of this pattern is due to
the high concentrations of pesticides in rainfall run-
off during the pesticid~ runoff season, jow-flow pe-
riods are also characterized by higher concentrations
at this tme of year [30]. Indced, these Jow-flow con-
centrations are higher than winter runoff concen-
trations for many pesticides.

Systematic differences exist in the rate of disap-
pearance of pesticides from the rivers over the
course of the year. As a result, certain pesticides are
found almost emirely during the pesticide runoff
season, whereas others continue to be present at re-
duced concentrations for much or all of the year.
Sessonat and nonseasonal average TWMCs are
shows in Figure 6. Atrazine and metolachior have
higher nonseasonal TWMCs than slachlor, cyana-
zine, and metribuzin, consistent with thelr half-lives
in soils (Table 1).

Long-term patterns

Year-10-year variability in peak concentrations
and in TWMCs is considerable, due 10 variations
in rainfall amouut and time relativc to the time of
application and various other weather- and ¢rop-
related factors. This variability is illustrated in Fig-
ure 7 for monthly TWMCs; peak concentrations
wauld be even more variable.

Long-term trends in concentrations that might
result from climatic eycles or from changes in the
crops and pesticides of preference are difficult 0
detect In data as noisy as even the monthly TWMCs.
A full analysis of possible trends in pesticide con-
centrations is bevond the scope of this paper. How-
ever, Figure 8 presents the data of Figure 7,
deseasonalized and smoothed using the LOWESS
procedure {21] with 2 window size of 50% of the
data. Deseasonalization was accomplished by sub-
tracting from each monthly TWMC the difference
beiween the mean of that momh’s TWMCs and the
overall mean of the TWMCs; this procedure was
also followed using the medians rather than the
means. The results do not suggest any sustained
rends in concentration during the period of record.

SPATIAL PATTERNS OF
PESTICTDE CONCENTRATIONS

Two kinds of patterns discernible in the datacan

be related to the spatial diszibution of the sampling”

8.0 MAUMEE ~ Atrazice
- RIVER ~ Alachior
%,6.0‘ . o Metolachior
3 .
§ 40

20

00 T MAMJJASOND

8.0T sANDUSKY = Atrazine
~ | RIVER — Alachior
% 6.07 -o- Metolachlor]
2

g 4.07
E 2.07

00 T MAMJJASOND

80T HONEY =~ Awrazine
CREEK ~ Ahachior

6.0 < Metotachior

00 MAMJJASOND

Fig. 5. Monthly 1gme-weighted mesn concentrations of
atrazine, alachor, und metokschior in the Mausmee River,
Sandusky River, and Honey Creek.

sites. The most tmportant are scale effects—the of-
fecxsofwatenhadsiuonthepfoperdesoﬁhedm
derived from a site. The other spatial patterns are
due to differences in land use and soil types in dif-
ferent drainage basins.

Scale effects

Scale effects appear in the pesticide data in sev-
eral ways, and these effects can be expected to be
present all the way down to the plot scale. Table 3
lists the peak observed concentrations of six pestl-
cides. lnmeral.mcyinameummhed size de-
creases. The probability of sampling at of very near
the time of peak concentration decreases as the
stream size decreases, given a fixed frequency sam-
pling program, due to the shortes duraton of the
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Fig. 8. LOWESS trends for deseasonatized monthly time-
weighted mesa concentrations, Homey Creek.

runoff chemograph. Thus it must be assumed that
measured peak concentrations are biased low with
respect to true peak concentrations and are increas-
ingly so biased with decreasing stream size. In spite
of this, the effect of stream size on peak concen-
tration is apparent in these data. Although the peak
concentrations decrease with watershed size, theav-

erage duration of periods in which moderate pesti-
cide concentrations are continuously exceeded is
likely to increase with watershed size, as g result of
the longer duration of the runoff chemographs dur-
ing which such concentrations usually occur.

_ Both scale effecs zre reflected in concentration
exceedency curves such as those in Figure 9. The
crossing points in the figures separate regions in
which the smaller tributary has the higher concen-
mﬁonsfmmosehwlﬁchthehrsﬂm‘marym
higher concentrations. The transition between these
w0 regions OCCUTS quite near the extremes of the
concentration distributions, usually around the 9%h
percentile. The concentration exceedency curve for
Honey Creek does ot cross that for the Sandusky
River, but they diverge &t about the same point
where cther pairs cross.

Larger watersheds are generally charscterized by
fess variable conditions than their component trib-
utaries. In pan, thisisdueto the timing of delivery
of water to the mainstem from the tributaries. Be-
case the downstrezm movement of 2 runoff event
takes different lengths of time in different tributar-

0

1 .1
Percent of time concentration is xceeded

3 10 100
)

Mauvmee River

Q

001 0 1

1 10 100

Percent of time 'concontraﬁon is exceeded
Fig. 9. Effects of river size on concentration exceedency.
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fes, the parcel of water from one tributary that car-
ries maximum runoff concentrations is very likely
to mix with water from snother tributary at a dif-
ferent stage of the chemograph when the two meet.
Every merging tends t0 mix waters at different
stages of their storm runoff patiern, thereby reduc-
ing peaks (and minims) and increasing the percen-

1age of the water mass characterized by intermediate

concentrations. As a result, smcil streams have more
rapid fluctuations in concentration than larger riv-
ers, and these fluctuations cover a wider range with
fewes inf jate values, resulting in more strongly
skewed distributions.

Othker spatial patterns

The effect of differencesin land useon pesticide
concentrations is shown by the peak concentration
data for the Cuyahoga River, which is comparable
in drainage basin area to the Sandusky but domi-
pated by forest and urban land uses (Tabie 1). Con-
centration exceedency curves (Fig. 10)show that this
difference characterizes the entire data distribudion,
not just the peak concentrations.

Theerfcctsofsoiltypeunbeseenbycvmw-
ing the River Raisin and the Sandusky River. Both
have similar basin size and similar {and-use pafterns.
However, the soil in the River Raisin basin is much
coarser on average, with berter infiltration and less
surface runoff. More of the pesticide is apparently
getained in the soil coluon, resyiting in lower con-
centrations in the rives. This relationship is also seett
in concentration exceedency curves and loading
vates of nutrients and sediment from these two
ivers.

MPLICATIONS OF THE PATTERNS
Assessment of pesticide

 best-management practices

Practices designed to reduce the off-site impacts
of agricultural land use are usually evaluated ini-
tally in plot- and field-level studies. Due to uncet-
tainty about how to transiate edge-of-field sesults
10 even a small watershed scale, demonstration
projects are often contemplated in which the goal
isto implementa practice as extensively in & water-
shed as possible and then meonitor the watershed to
measure the impact. Because it is much easier to
achieve implementation in 2 small basin than 2
larger one, such demonstration projects are usually
targeted to small watersheds. The great temnporal
variability in concentrations that characterizes small
watersheds makes the dexection of change more dif-
ficult [32.33). As 2 result of this characteristic of
small watersheds, monitoring must be frequent and
often of long duration in order to detect trends that

R.P. Riczaros a¥p D.B. BazEn
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Fig. 10. Soil type and land use effests on conceat
exceedency.

gesult from changed practices. ﬂein-
formation presented in this paper indicates that this SEaE¥
is likely to be true for evaluating the effectiveness 94

of pesticide management practices as well.

Effects of pesticides on stream biota A

The herbicides described in this paper must be

present in high concentrations to be acutely toxic ¥
. \

fect aquatic plants, at jeast temporarily [34-36], and
insecticide concentrations yesch levels thar might ad-
versely affect squatic fish and invertebrates. Por ex~
ample, the bluegi 96-h LC50 for chlorpyrifosisin
the range of 2t0 5 ug/L and that for mature Gem-
marus lacustris 18 0.11 pg/L {36]; stream coucen-
trations of nearly 1 pg/L have been o in our 3
studies, although the duration of these concentra-
tions is unknown (dut probably less than 9% b).

More subtle effects of herbicides on aquatic
plants.asamukofdzroniemwwamm 4
centrations, have been demoupstrated in some stud-
ies but not in others [35). Other pollutants present & 5
in the rives water may have more substantial effects 2
on aquatic biota than the pesticides [36], including - Y
the effect of suspended sediment on light peaetra- SN
tion to periphyton on the river bottom.

Although the actual extent of biotic effecis is
poorly known, scale effects of watershed size on
concentration distributions bave implications for
the kinds of effects that might be expected asare-
gult of typical runoff-reiated pesticide concentra-
tions. Small tributaries are characterized by higher
peak concentrations but shorter durations of inter-
mediate concentrations. In effect, 85 one moves
downstream from first-order tributaries to the main-
stem, the concentration exposare patterns change
from more acute to more chronic.
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Thus direct toxic effects due to short exposures
3t high concentrations would be more likely 10 o¢-
cur in small tributaries. These effects could Include
fish and aquatic insect kills dueto insecticides, and
aquatic macrophyte and algal kills due to herbicides.
On the other hand, more subtle biotic and ecosys-
tem effects that result from intermediate to Jong-
term exposures to moderate concentrations would
be morte likely in larger rivers and associated
wetlands.

Drinking water monitosing

Beginning in 1993, most public water sysiems
using river water vulnerabie to pesticide contami-
pation will be required 10 MORISOr quarterly for pes-
ticides for which an MCL has been established
§38,39]. If the running average of the last four quar-
1erly sampling periods exceeds the MCL, the water
system is declared out of compliance and various
remedial actions and public potification are man-
dated [38,39). .

Our daia (Table 3) show that the annual time-
weighted average concentrations for the Maumee
and Sandusky rivers do not exceed the MCL {or any
of the pesticides we monitor. Howeves, during
storm events in the pesticide runoff season, individ-
wal samples commonly exceed four times the MCL
for alachlor and atrazine. in the Sandusky River
during May and June, atrazine concentrations ex-
ceed 12 ug/L (four times the MCL) about 13% of
the time. Thus 2 sample for the spring quarier, taken
at 2 random time during May of June, would have
better than one chance in 100f exceeding four times
the MCL. If this happened, the four-quartes run-
ning average would of necessity exeeed the MCL
and the system would be declared out of compli-
ance, regardless of the values in the previous thres
samples [38,39).

The goal of the legislation is to ensure that the
true annual average exposures do not exceed the
MCL. Given the shori-term variability that char-
acterizes pesticide concentrations in the rivers we
have siudied, four samples provide & very impre-
cise estimate of the annual average conceniration.
The law allows for compositing of samples from dif-
ferent points in the treatment plant 1o reduce mon-
#toring costs 138] but apparently does not permit
compositing over Umeto seduce the irapact of shont-
term concentration fluctuations. The goal of the
legislation would be better served if composite sam-
pling over time were permined a1 those Systems that
utilize rivers s & waier sOUTce, Of 0IME other means
were used to assure a more refiable estimate of the
27nUa) EXPOSUIE CONCEDITATION.
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ABSTRACT: .
A variety of studies have shown that pesticide residues are occasionally present in
the surface waters of intensively farmed watersheds of the United States. While
suggestive, nohe of the previous studies has been sufficiently broad in terms of
geographical extent, temporal coverage, or number of pesticides examined to allow a
complete description of the occurrence and magnitude of these residues. We seek to
remedy the situation in this paper by reporting the results of a two-year, 52-
watershed monitoring program in which weekly composites of daily grab samples
from across the most intensively farmed areas of the United States were analyzed
for the presence of several heavil} used pesticides. We also present two useful
methods for analyzing the available surface water data. The firstis a graphical i
approach for determining what types of pesticides, in terms of mobility and
persistence, tend to occur at detectable levels. The second technique is a regression

- equation fcr predicting the annualized mean concentration of pesticides in a specific
watershed based on chemical-spedific properties, environmental factors, and the
nature of the watershed itself.
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OCCURRENCE AND MAGNITUDE OF PESTICIDE RESIDUES IN
SURFACE WATERS OF THE UNITED STATES

Introduction

Runoff of water, sediment, and nutrients from agricultural fields has long been

recognized as a major conservation and environmental issue. The loss of topsoil

and nutrients is a serious economic problem to the grower, and the negative

impacts of sediment, phosphorous, and nitrogen loadings on estuaries, wetlands,

and other sensitive environments have been well-documented(US EPA, 1988).

Recently, the occurrence of dissolved and sorbed pesticide residues in these runoff

waters has been reported(USGS, 1989). If transported from the edge of the field to

surface water bodies of the watershed, the presence of these materlals raises several

{ssues, including potential effects on human health, toxicity to fish or other aquatic

specles, and phytotoxocity to beneficial aquatic plant-life.

In order to provide better data on the actual levels of alachlor and other pesticides in

surface water, Monsanto conducted a pair of large-scale montioring programs in
1985 and 1986(Klein et al., 1987). Surface water from a variety of sources, including
the Great Lakes, the major rivers of the Midwest (Mississippi, Missouri, and Ohio),

" and smaller watersheds were sampled in 1985. Because such low levels were found
in the major Midwestern rivers and the Great Lakes, the 1986 sampling was

confined to smaller watersheds and designed to determine the

relative importance

of soil-type, alachlor use, and other factors in determining the observed levels. In
addition to the data collected in our studies, we used the results of other detailed

monitoring programs to furiher define the combinations of physical properties most

75
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important in establishing the likelthood that a pesticide occurs at detectable levels in
surface water(Gustafson, 1987).

As described more fully in the sections that follow, what has been derived from this
work is a basic understanding of the occurrence and magnitude of pesticide residues
in surface water. A simple graph of the physical properties (persistence and .
mobility) of the pesticides that have been detected in surface water shows ééenﬁally
all soil-applied pesticides with Ko less than about 500 mL/g can occur in surface
water. Ko is the soil-water partition coefficlent divided by soil organic carbon, and
thus represents a soil-independent measure of mobility. On the basis of Monsanto's
extensive monitoring program for pesticides with such properties, a tégression
equation was developed to predict the annualized mean concentration in surface
water. The regression is based on both watershed properties and the physical
properties of the pesticide. Peak concentrations defy prediction because of the
complex ‘ature of the hydrology and chemical ‘ransport processes that define them,
nevertheless long-term averages are generally more important from an

environmental health perspective.
Previous Studies

With few exceptions, the public concern expressed about the possible dangers of
pesticide residues in surface water has far out-stripped the sdentifi'c efforts to
determine the actual levels present. Computer-based models of the runoff process
- have been used in attempts to predict what concentrations might occur, e.g. HSPF
(Donigian ¢t al., 1987) and CREAMS (Knisel, 1980). These programs attempt to
model very complicated physlcal processes - such as soil particle disintegration by

44

impinging raindrops and precipitation interception by growing crops. Such
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processes have been modeled despite the absence of significant data for calibration,
and without any experimental evidence that such complicated processes are even

required in order to adequately model observed behavior.

Untll the Monsanto study, the most comprehensive surface water monitoring
programs were the significant monltoring efforts of David Baker in northwestern
Ohio(Baker, 1963 and 1985) and the more limited (temporally) set of data collected by
the Towa Department of Natural Resources(fowa DNR, 1988). Each of these studies
have involved the analysis of surfacé water samples for pesticides spanning a wide
range of physical properties (see Table ). In general, the same pesticides were
detected in surface water in both studies.

In order to see whether there is any pattern to the types of pesticides that tend to

- occur in surface water, 2 graphical strategy analogous to that previously used to
describe well water contaminants was employed(Gustafson, 1989). Figure 1 plotsa
measure of mobility in soil, Koc. against a méasure of persistence in soil, DTso- DT
is simply the time required for 50% of the applied chemical to dissipate. Itis
equivalent to the whalf-life” when linear, first-order kinetics are obeyed in the
dissipation process. The physical properties of the compounds are taken from the
data base currently under developmeht by Don Wauchope of the USDA
Agricultural Research Service in Tifton, GA(Wauchope, 1989). The target -
compounds are ghown in Figure 1, in which the closed circles represent the
contaminants, and the non-contaminants are given as open circles. The
contaminants appear to be confined to those chemicals with Kgc values below about
500 mL/g. Less mobile compounds apparently have a lower chance of gener#ﬁng
detectable runoff quantities.

75
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Models of the runoff process predict the occurence of a maximum in solution phase
runoff at a particular range of Koc and a continuing increase in sediment-phase
runoff as Koc increases(Leonard and Knisel, 1988). The data in Figure 1 therefore
suggest that the sediment-phase runoff is a less important conmbutor to the
residues observed in surface water. Edge-of-fleld losses may  be high with high Xoc,
relatively immobile compounds, but such losses do not translate into detectable
concentrations in surface water. Exactly what physical processes are involved in this
attenuation phenomenon has not been shown, but sedimentation is undoutedly
one of the key factors.

This graphical approach gives a simple and intuitive assessment of an
agrochemical's threat to surface water, once its persistence and mobility properties
have been obtained. Armed with such a graphical procedure, the pesticide registrant
or regulator can make an early informed judgment regarding the runoff potential of
a chemical, without ever having to resort Lo one of the multitude of available

computer models.

The graph also suggests which types of chemicals deserve the most attention in
more detailed monitoring studies, such as was conducted by Monsanto in 1985 and
1986. Efforts should be focussed primarily on those high-use pesticides with Koc
values below about 500 mL/g. '

The Monsanto Surface Water Monitoring Studies — Methods

Alachlor, 2-chloro-N-(methoxymethyl)—N-(Z,G-diethylphenyl)acetamlde, is the
active ingredient in Lasso® and other herbicides by Monsanto. Alachlor products

7C
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have been used since 1969 for the control of annual grasses and certain broadleaf
weeds in corn, soybeans, peanuts and other crops. The EPA issued a guidance
document for the alachlor registration standard in November of 1984(US EPA, 1988).
The registration standard required Monsanto to conduct a monitoring study to
evaluate the manner and extent of contamination of surfac; water with al;chlor.
Subsequently, EPA issued Position Document 1 (PD-1)(US EPA, 1984) initiating a
Speclal Review of alachlor. The Special Review was concluded {n 1987 with
alachlor registration maintained(US EPA, 1987). The concentrations-found in
surface water were judged by EPA not to present an unreasonable health risk given
the soclo-economic benefits of the compound(US EPA, 1987).

The Monsanto surface water monitoring data come from two separate studies — one
started in the spring of 1985 and the other in the spring of 1986. In the 1985 study
raw and finished water from 24 locations were examined. In addition to alachlor,
eight other herbicides were also measured. The 1986 study focussed on finished
water and only five herbicides, and was targeted for completion by September, based
on the data collected in 1985 showing the decline of alachlor to unmeasurable levels
(< 0.2 pg/L) by that time of year. In North America, alachlor is generally applied
once per year coinciding with planting in the spring. All sites sampled are shown in
Figure 2, with the numbers serving as a key to Table II.

Briefly, daily samples were collected at each location and composited into weekly
samples for chemical analysis. ﬁm composited sample was analyzed by either
capillary GC with electron capture detection (ECD) and thermionic specific detection
(TSD) in the nitrogen mode or combined gas chromatography - mass spectrometry
(GC-MS) with selected fon monitoring. The analytical methods were validated over
a concentration range of 0.20 to 25 jig/L using raw and finished water.

77
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Site Selection in 1985 Monsanto sales data (1984) were used to enumerate US
counties where more than 80,000 1b of alachlor were sold. These 418 counties
accounted for 75% of Lasso sales in ihat year. This information was cross-matched
with data obtained from the US Environmental Protection Agency on community
water systems (CWS). Only the CWS satisfying the following additional criteria
were induded in the target population:

e The CWS used only surface water.
¢ The CWS used surface water year round.
e The CWS treated surface water.

Eighty-five CWS satisfied these citeria; however, the plants were clustered in
relatively small geographic areas (e.g., 39 were located in Hlinois). Thus, a simple
random sample of all eighty five plants would be heavily weighted with Lllinois
locations. In order to obtain a wider geograplﬁc distribution of plants, the
hydrologic unit region, subregion and accounting unit of each CWS in the target
population was identified by inspection of United States Geological Survey
Hydrologic Unit maps(USGS, 1975). The 85 CWS were contained in 29 such
hydrologic units, most located in the midwest with two in North Carolina. A
random sample of 24 of the 29 hydrologic units was selected. One CWS was then

randomly chosen from each of these sampled units.

Site Selection in 1986: The most recent information on CWS available was obtained
directly from each of the 22 states accounting for 99% of Lasso sales in 1985. Besides

using exclusively surface water year-round, the following criteria had to be satisfled

by each CWS:

7%
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e The CWS was located in a hydrologic unit where >0.1 1b/acre of alachlor was
used in 1985 (the denominator of this use rate refers to the total area of the
watershed).

« The CWS did not use surface water from the Great Lakes, the Mississippl,
Missouri, or Ohio Rivers.

Inclusion of the last criterion was justified on the basis of the results of the 1985
monitoring study in which no detectable alachlor was found in the three CWS
using water from the Great Lakes and very small, barely detectable concentrations
were found in the four CWS located on continental rivers. Using these selection
criteria, 457 CWS In 22 states constituted the target population. The target
population was then divided or stratified into nine subpopulations using high,
edium and low soil runoff vulnerability (see the definition of the soil index In the
Regression section below) crossed with high, mediun and low alachlor sales. Seven
CWS were randomly selected for sampling from each subpopulattoh on the
extremes of the resulting 3 x 3 matrix, i.e. from the high-high, high-low, low-high,
and low-low domains. In addition to these 28, two additional sites were sampled
that had initially been miscategorized according to sofl-vulnerability or alachlor use.

Sample Collection: Before sampling, visits were made to the managers and
operators of cooperating CWS. The program's objectives, and proper sample
handling and storage procedures to be used at the CWS were discussed. Particular
emphasis was placed on sample integrity.

Specially cleaned amber glass bottles with polytetrafluoroethylene (PTFE) lined caps
were used for sample collection, transport, storage and compositing. Insulated,

77
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corrugated shipping containers were used for shipping. Saniyle bottles and shipping
containers were purchased by Monsanto and shipped to the CWS.

In the 1985 study, separate 500 mL raw and finished water daily grab samples were
taken at the individual CWS by their personnel. Approximately every two weeks,
samples were collected from each CWS by Monsanto personnel. All samples were
refrigerated at the water plants and upon arrival at Monsanto. Separate mk and
finished water weekly composites were made in 4 L spedially cleaned bottles from
the raw and finished water daily grab samples; samples for analysis were taken from

these composites.

For the 1986 study, finished water daily grab samples were taken at the 30 CWS from
April, 1986 through at least August, 1986. As discussed further below, raw water was
not collected in 1986 because no significant differences had been seen in 1985
between raw and treated surface water. Collection continued at one CWS through
April, 1987. The daily grab samples were composited into weekly (7 day) samples by
the CWS operators, giving 3.5 L weekly composite samples. The completed 4 L
composite bottle was taped around the cap and packed in a special corrugated
shipping container insulated with polyurethane foam. The weekly samples were
then shipped from the CWS to Monsanto, St. Louis by a commercial overnight
delivery service and stored for analysis. Samples were stored refrigerated at the

water plants and upon arrival at Monsanto.
Sample chain-of-custody was maintained throughout the study. Sample

information chain-of-custody sheets were supplied to each plant. The top section of
the sheet was completed by CWS sampling personnel. A completed sheet was

5P
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shipped with each one-week set of daily samples (1985 study) or with each weekly
composite sample (1986 study).

Sample collection at Breese, IL, (a 1985 study CWS) was continued for an additional
15 weeks in 1986. Daily grab samples were collected according to the 1985 protocol.
A comparison between daily grab samples and weekly composite samples from
Breese, IL, showed that the use of weekly composites did not have a material impact
on the results of the study.

In order to demonstrate that there was no in-transit contamination, quality contral
samples (deionized water) were routinely sent to each CWS and returned to
Monsanto using the same mode of shipping as was used with the regular weekly
samples. In addition, to show that samples had not degraded in-transit, fortified
samples (0.2 to 10.0 ug/L) of deionized water accompanied the quality control

samples.

Materials: Reference grade alachlor was purified in-house to >99% purity (as
determined by GC-FID). Reference grade atrazine, cyanazine, and metolachlor were
obtained from Chem Service (West Chester, PA) and were used as received.
Deuterium labeled alachlor was prepared in-house from deuterium labeled 2,6-
diethylaniline obtained from MSD Isotopes (Pointe Claire-Dorval, Quebec) and the
labeled alachlor was recrystallized to >98% purity (as determined by GC-FID).
Deuterium labeled atrazine (Ds-ethyl) was obtained from Cambridge Isotope
Laboratories (Woburn, MA). Deuterium labeled cyanazine (D¢~ gem-dimethyl) was
prepared in-house and purified to >98% purity (as determined by GC-MS).
Deuterium labeled metolachlor (Dg-ethyl) was prepared in-house and
chromatographed to >95% purity (as determined by GC-MS).

5
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All solvents were HPLC grade unless otherwise stated. Distilled, deionized water
was obtained by passing distilled water through a commercially available cartridge

water purification system. High purity nitrogen or helium were used as carrier

gases.

WWMSAHM The herbicides were liquid/ liquid
extracted from 500 mL of the raw surface water with 100 X 2 mL of methylene

chloride. The organic solvent was evaporated and solvent exchanged into 5% ethyl
acetate/isooctane. The extract was made up to a precise volume and quantified by
GC with ECD and TSD, using GC conditions and procedures described below for
finished water extracts. For GC-MS analyses, the procedure was the same except that
sample size was 1 L and 1 mL of a 3.0 pg/mL internal standard solution (deuterium
Jabeled alachlor, atrazine, cyanazine, and metolachlor in ethanol) was added to each

sample.

W&sﬂw The herbicides were extracted from 500
mL of the finished water by pulling the sample through a prerlnsed (75 mL

methanol) 6 mL Baker Cyg solid phase extraction (SPE) column. A drying column
was prepared by filling to 25 mm with anhydrous Na;SO a prerinsed (75 mL '
methanol) 6 mL Baker filtration column and coupled to the end of the Cyg column.
The herbicides were eluted from the Cqs column with 2 X 2 mL 10% ethyl
acetate/iso-octane. The sample was diluted to 10 mL with iso-octane.

Wmssﬂumm The herbicides were extracted from
1 L of the finished water by pulling the sample through a 6 mL Baker Cl18 SPE

column. Before the solid phase extraction, one mL of a 3.0 pg/mL internal standard

57
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solution (deuteriuk\ labeled alachlor, atrazine, cyanazine, and metolachlor in
ethanol) was added to each sample. The four herbicides were eluted by passing 3 mL
of 5% ethyl acetate/45% iso-octane/50% methylene chloride (v/v/v) through the
column and subsequently through a column containing 3 mL of anhydrous sodimm
sulfate. The eluent was collected and concentrated to 1.5 mL under a dry nitrogen

stream.

GC Quantification: A Varian capillary gas chromatograph equipped with an
automafic sampler and $3Ni electron capture (alachlor and metolachlor) and
thermionic specific (atrazine and cyanazine) detectors was used. A J&W DB-5
bonded phase capillary column, 30 m length, 0.322 mm internal diameter, 0.1
y film thickness was used for the ECD determinations. A 5 puL split injection
(split ratio 20:1) was performed. High purity nitrogen carrier gas was used at 3
mL per minute. For TSD determinations, a Varian fused silica wide bore BP-1
column, 25 m length, 1.33 mm internal diameter and 0.5 um €lm thickness '
was chosen. High purity gases and a 5 uL. ih;ection (no split) were used. Both
columns were simultaneously programmed %o hold at 150°C for 7 minutes,
ramp linearly from 150°C to 220°C at 8°C per minute, and hold at 220°C for
10 minutes. An injector temperature of 250°C and a detector temperature of

300°C were used.

Linear calibration curves from 0.005 ug/mL to 0.05 ug/mL for each acetanilide
(ECD) and 0.010 pg/mL to 0.20 ug/mL each triazine (TSD) were generated for
avery set of samples run. Results were reported as ug/L or ppb of the
pesticides in water.

2%
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gg:Ms_nguﬁgam:m A Finnigan Model 4535 capillary gas chromatograph mass
spectrometer-data system with a Varian Model 8000 autosampler was used. The

electron ionization mode was used with electron energy maintained at 70 eV. The

herbicides were detected by selected ion monitoring at m/z 160 and 188 (alachlor),
200 and 215 (atrazine), 225 and 240 (cyanazine), and 162 and 238 (metolachlor). The

4
#o3

corresponding ions used for monitoring the deuterium labeled herbicides used as

i ternal standards were at m/2 171 and 199 (Dyalachlor), 205 and 220 (Ds- atrazine),
228 and 246 (Dg-cyanazine), and 165 and 241 (Ds-metolachlor). The fused-silica
bonded-phase capillary column (J&W DB-5) was 15 m X 0.322 mm id., with a0.25 p

film thickness.

Quality Assurance: The methods were validated by fortification of finished and raw
water from each of the CWS sampled in the study. Fortification levels ranged from ; !
0.20 to 25.0 pg/L. The recoveries of these fortification samples were background- '
corrected and censored when background exceeded 50% of the fortification level.
The overall recoverles (Std. Dev.) are 99.3% (9.6) for alachlor, 97.3% (7.0 for
atrazine, 89.1% (27.5) for cyanazine, and 98.0% (8.2) for metolachlor.

A side-by-side comparison of the solid phase extraction procedure and the -
conventional methylene chloride partitioning procedure was performed in order to -

guarantee equivalent extractability for the two procedures. No statistically
significant differences between the extractabilities of the two methods were found.

The identities of the four herbicide peaks were confirmed by retention times relative

to deuterated standards and comparison of the levels determined at the two m/z
values being monitored for each compound. Only concentrations determined at the

7
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most intense m/z value above 100 for each herbicide were reported, i.e., m/z 160 for

alachlor, m/z 200 for atrazine, m/2 225 for cyanazine, and m/z 162 for metolachlor.

Storage stability was demonstrated for both raw and finsihed water samples for the 8
week period within which the weekly composite samples were analyzed.

The Monsanto Surface Water Monitoring Studies - Results

Table II contains a summary of the results for alachlor, atrazine, cyanazine, and
metolachlor, For each site two concentrations are given: the maximum weekly and
the annualized mean concentration. The annualized mean concentration (AMC) is |
the time weighted average for the entire year. In the 1985 studies, calculation of an
annualized mean concentration (AMC) was performed by taking a simple average of
all 52 weekly concentrations measured during the year (trace levels giving negative
concentrations were treated as zero in these calculations). In the 1986 studies,
alachlor levels were below 0.20 ug/L at the start of the study and sampling
continued until alachlor was below 0.20 ug/L for four consecutive weeks.
Therefore, for the remaining weeks of the year for which no sampling was
performed, alachlor concentrations were assumed equal to 0 pg/L, and thus
represent a lower bound. The 1985 results suggest that actual alachlor AMC's in 1986
| could have been, at most, as much as 0.2 pg/L higher than the values shown in -
Table IL.

Sampling was terminated in 1986 at most of the CWS before atrazine,
cyanazine, and metolachlor returned to undetectable levels. AMCs for

atrazine, cyanazine, metolachlor, and simazine at each CWS were calculated

SS
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based on the apparent relationship between Seasonal Mean Concentration

~ (SMC) and AMC. The SMC was defined as the average weekly concentration

from May 1 to September 1. These herbicides were monitored for the entire
year during 1985, thus both the SMC’s and AMC's could be calculated. A
linear regression model was fit to these 1985 data of the following form:

logicAMC=A + B(logio SMC)

The equations determined for the three herbicides were:

Auazine: logio AMC = -0.26318 + 0.94909(logs0 SMC) (12=0.974)

Cyanazine: logio AMC = -0.37458 + 0.99050(logi0 SMC) (r2=0.986)
Metolachlor: logio AMC = -0.33394 + 0.81763(logyo SMC) (r2=0.983)

SMC's of the three herbicides were determined fus all CWS in the 1986 study.
The AMC's were then calculated for the three herbicides at each CWS using

the above regression equations.

Herbicide occurrence was seasonal, Le., the maximum weekly concentration
occurred in May or June, during the peak herbicide use season, followed by a general
decline. Shown in Figure 3 is an example from one of the watersheds umpled
during both the 1985 and the 1986 surveys. Alachlor, cyanazine, and metolachlor
were never detected in any of the plants using the Great Lakes (Michigan City,
Monroe and Toledo). Atrazine was detected at low levels in the plants using Lake
Erie. Very low alachlor AMCs (0.01 to 0.06 ug/L) were determined for those systems
using major Midwestern rivers (Davenport, Lexington, Mount Vernon and
Quincy). Little, If any, difference was seen between corresponding raw and finished

S6
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water from all plants sampled. This was the rationale for monitoring only finsihed
water In the 1986 study.

Two pairs of CWS in the 1986 study had their surface water intakes within one mile
of each other on the same river. Towa Clty and University of Iowa both have their
surface water intakes on the Iowa River while Bowling Green and Waterville have
their intakes on the Maumee River. As shown in Table II, the excellent agieement
between CWS pairs shows the precision of the sampling methodology.

Frequency distributions of AMC across the alachlor use area for the four herbicides
are shown in Figure 4. The chance of the AMC in a particular CWS exceeding a

given value, A, is computed as follows:

9
‘ N() (# AMC’s in Subpopulation i>A}
Chance (AMC > A) = 21 NC) (¢ AMC's in Subpopulation i}
i= -

where N() is the number of CWS in subpopulation i, and N(.) is the total number
of CWS in the alachlor use area, i.e. 457. This chance may be computed at every
desired value of A in order to generate the frequency plots given in Figure 4.

Regression Analysis of the Monsanto Study Results
As shown in Figure 3, the concentrations typically form a complicated time series
determined by the timing and intensity of rainfall events near the peak application

period of early May to mid June. At this particular location, concentrations were
considerably higher in 1986 than in 1985, even though overall use patterns were
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known to be quite similar during the two years. Meteorologital data indicate that
the watershed was much drier in 1985 than in 1986, apparently contributing to the
year-to-year variability. It would be desirable to have a more quantitative
understanding (i.e. a model) of the physical phenomena which act in concert to

determine the concentrations of these cxop chemicals in surfice water.

Rather than using an extensive simulation to model the results, simple multiple
linear regression model was developed for predicting the annualized mean
concentrations (AMC'’s) of alachlor, atrazine, cyanazine, and metolachlor. Factors

used as independent variables included the following:

Susceptibility of the watershed soils to runoff

Physical properties of the chemical
Total application rate of each chemical within the watershed

Monthly precipitation totals in the watershed

Residence times of reservoirs (if any) in the watershed

The methods used to collect each of the independent variables are described below.

Mmhﬂﬂmm The United States Soil Conservation Service (SCS) has
identified the runoff vulnerability of various agricultural solls.(USDA, 1972 ) Four
hydrologic soil groups have been identified for the purpose of determining runoff
susceptibility, A, B, C, and D, with A being the least and D the most vulnerable. A
simple ordinal scheme was used as follows: A=1, B=2,C=3, and D=4. State SCS (soil)
maps were compared with hydrologic unit (drainage) maps and an average soil type
was calculated for each watershed. This average watershed value is referred to as
the soil index in the subsequent discussion. The soil index was used to define
sampling domains in the 1986 study.

5%
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Chemical Parameters: As mentioned above, most models of chemical runoff
assume that Koc and DTy, are the measures of mobility and persistence which
explain observed differences between chemicals.(Mills and Leonard, 1984) Values for
the four chemicals were taken from the USDA/ARS data set quoted previously.

The mobilities of all four are quite similar, but the average soll half-lives are quite
different, ranging from 14 days for cyanazine up to 69 days for atrazine. |
Another chemical specific parameter is the dissipation rate in water. Reservoirs
were present in several of the water systems sampled, and the concentrations of the
four chemicals dissipated at different rates in such systems.(Gustafson, 1990) A
surface-water dissipation rate constant for each compound was calculated by analysis
of several time series in the survey data in which simple first-order decay was
apparently taking place (i.e. in reservoirs under very low flow conditions). The half-
lives which appeared to fit the data are listed in Table III. In general these half-lives
are quite similar to the values reported for soil, and they ranged from 23 days for
alachlor up to 69 days for the two triazine herbicides.

Finally, it was necessary to estimate the amount of chemical used in the watershed.
For alachlor, proprietary county sales data were available that allowed such an
estimate to be made.(Mansanto, 1986) Total sales in each county were divided by
county area to determine a lumped use rate (Ib/A) for the county. The lumped use
rate in the watershed was then calculated through the use of digitized hydrologic
unit file(USGS, 1975) that gives the area of each county intersecting with each
hydrologic unit.
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For the other chemicals, such detailed sales data were not available to Monsanto.

~ Instead, national scale marketshare information, again available from proprietary
sources,(Monsanto, 1986) was used to estimate use rates of the other chemicals as a
constant multiple of the alachlor use rate (see Table II). These national figures,
though not strictly applicable to individual watersheds, provlded the best available

estimate of overall use patterns.

Weather Data; Weather station locations and data were obtained from the National -
Climatic Data Center (Asheville, NC) in computer tape form. The problem which
remained was to select the proper weather statons with which to represent the
rainfall in the watershed. It was decided to characterize each portion of the
watershed with data from the closest recording weather station. This involved
digitization of the watershed and comparison of the discretized (1 square mile
parcels) map with the locations of the weather stations. Average precipitation in
each watershed was then determined by giving each weather station's data a
weighting factor equal to the area of the watershed to which it was the nearest.

Totals were thereby calculated for April, May, and June rainfall.

Reservoir Capacity: The concentration time serles were qualitatively different when
reservoirs were present in the watershed. In rivers, the concentrations peaked and
fell very erratically, whereas in reservoirs the changes were damped considerably,
resulting in much smoother curves. The larger the mean residence time of the
reservoir, the greater this dampening effect should be. The residence time is equal
to the volume divided by the input flowrate, and the flowrate is proportional to the
area of the watershed. |

Co
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Thus, a measure of residence time is reservoir volume divided by total watershed
area, both of which were available from water system personnel. The resulting
parameter, with units of length, was defined as the reservoir capacity and included

as a regressor varlable. If no reservoir was present, the parameter was set to 0.

Evaluation of the Regression Coefficients; The regression itself was performed on
the logarithn{ of the measured AMC's. This transformation is reasonable because of
the compensatory weighting it provides for the common proportional increase of
standard deviation with chemical concentration. These transformed concentrations
were then regressed against the other variables using SAS® software (version 5.18)
implemented on a VAX 8650. The all-subsets regression procedure RSQUARE(SAS
Institute, 1985a) was first utilized to determine combinations of regression variables
which best explained the observed variance, and the procedure REG(SAS Institute,
1985b) was used to estimate the multiple regression coefficients and their
significance. The selected regression equation was chosen by picking the linear
model with the highest R? value and having only significant (p<0.05) regressor

variables.

The selected regression model is summarized in Table IV, and its predictions are
compared with the observed values in Figure 5. Herbidide use, as measured by
alachlor sales and relative marketshare, was the most significant varlable,
Following closely behind’ were the half-life in water, reservoir capacity, May rainfall,
and Koc. These five parameters were all highly significant in explaining the
observed variation in AMC (p < 0.0001). Marginally less significant was soil
vulnerability to runoff as measured by the soil index (p = 0.0076). April and june
rainfall were not significant, nor was the half-life of the pesticide in soil.

9
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The median absolute error of prediction with this regression’i_s 0.0068 ppb. In other
words, half the predicted AMC'’s are within 0.0068 of the observed value. The
relative importance of the various monthly rainfall totals is closely coupled to the
time of application, most of which occurs in May. The relative importance of the
pesticide physical properties suggested by the regression equaiion may not be widely
applicable because of the rather narrow range of values spanned by the four

pesticides.

A considerably more complex mode! of surface water contamination, HSPF, had
been used by the US EPA to predict a typical AMC range of 2-5 ppb for alachlor in the
corn belt, which now appears to be much too high given the available inonitoring
data.(25) HSPF reéluires a dedicated mainframe and several months of calibration,
whereas the regression equation requires the estimation of a few parameters and a
hand calculator. Clearly, the regression modeling approach has significant

advantages over the more complex model.

Conclusions

Examination of previous monitoring studies suggests that only those pesticides with
Koc less than 500 mL/g are found at detectable levels in the surface water. |
Examination of the Monsanto's surface water studies shows that the occurrence of
pesticides is seasonal with peak concentrations occurring, as expected, immediately
following the application season. Levels observed later in the year are principally a
function of soil half life, with the less persistent materials (cyanazine, alachlor)
oceurring at low or undetectable levels. The appearance and disappearance of the

L2
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pesticides in a particular watershed is a complex function of chemical,
meteorological, and hydrological factors.

In order to estimate the average magnitude of such residues, the regression model
has proved useful in revealing the relative importance of thé various chemical and
watershed parameters which determine the observed concentrations. For chemicals
with Koc neas 100 mL/g, the half-life in water is the most important of the physical-
chemical properties, whereas overall chemical use, reservoir volume, and May
rainfall are the most important watershed properties. These important observations
could not have come from the comparison of a highly complex model with the dats,
because such fine differences in input parameter importance become indiscernible
during the involved calibration/validation process.

Acknowledgments

Outstanding computerized data base support was provided by L. D. Cheung. Fred
Rupel oversaw the considerable logistic support required for sample shipment and
tracking. Numerous other members of Monsanto Agricultural Company’s
Environmental Science Department helped in the analysis of the samples and
contributed their time by visiting community water systems during the 1985-1986

studies.

P23

22



01-12-94 05:55PM FROM ENV & PUBLIC AFFAIRS

P24

23

Table L. Physical Properties’ for Several Pesticides Included in Surface Water
x Monitoring Programs in Iowa and Ohio
Key Compound Koc (mL/g)  Half-life (days) Found$in Foundlin
Iowa? Ohlo?
1 24-DACD 20 10 Yes
2 ALACHLOR 170 15 Yes Yes
3 ALDRIN' 14000 120 No
4 ATRAZINE 100 60 Yes Yes
5 BUTYLATE 126 12 No No
6 CARBOFURAN 2 50 Yes
7 CHLORAMBEN 15 14 No
8 CHLORDANE! 33600 54 No
9 CHLORPYRIFOS 6070 30 No No
10 CYANAZINE 190 u Yes Yes
11 oot 160000 3800 No
12 DIAZINON 500 40 No No
13 DICAMBA 2 14 No
14 DIELDRIN' 7100 1000 No
15 ENDRINS 11188 2240 No
16 EPTC 280 3 No
17 ETHOPROP 0 50 No No
18 FONOFOS 532 45 No No
19 HEPTACHLOR' 16000 2000 No
20 LINDANE' 2500 750 No
21 LINURON 3 60 Yes
22 MALATHION 1800 1 No
23 METOLACHLOR 200 0  Yes Yes
24 METRIBUZIN 41 30 Yes Yes
25 PENDIMETHALIN 24300 90 No No
26 PHORATE 2000 85 No No
27 PROMETON 300 120 Yes
28 PROPACHLOR &0 6 No
29 SILVEX! ND 16 No
30 SIMAZINE 138 75 Yes
31 SULPROFOS 550 14 No
32 TERBUFOS 3000 S No No
33 TOXAPHENE? 95816 9 No :
34 TRIFLURALIN 7000 60 No No
* All properties are taken from the USDA/ARS data base as the first source (Wauchope, 1989)
with the exception of any compound marker by a * (Joknson, 1988) or a ¢ (Wilkerson and Kim,
1986) No data on the Koc of silvex could be found in any of the three sources.
§ Detected in one of the state’s surface water-based community water systems during the 1987
DNR survey (lowa DNR, 1938).
1 Detected during 1982 In either the Honey Cr., Sandusky R, or Maumee R. watersheds at
runoff loads in excess of 0.5 g/ha (Baker, 1983).
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Tablel. Maximum

Weekly and Annualized Mean Concen

centrations? (ppb)

P25

of Four Herbicides in the Finished Drinking Water of Several US
Community Water Systems During 1965 and 1986
Map Community Alachior Atrazine Cyanazine Metolachlor
Key Water System Year MWC AMC MWC AMC MWC AMC MWC AMC
1 Appleton Wl 1986 D20 000 XN 02 DN 0m a2 001
2 Bethany MO 195 <20 - 00 0.88 058 1.2 059 QP 0.00
3 Blanchester. OH 19 110 018 2220 5% 878 2272 R 008
¢ BowlingGreen  OH 1986 521 032 937 208 411 0% s, 10
5 Brease IL 1985 440 029 1910 206 268 038 272 oz
6 Caledonis OH 198 948 057 123 18 275 00 1780 128
7 Carlinville IL 1986 D20 000 197 084 0M 0.09 s 0.10
8 Charleston L 1985 <X 0.00 037 03 0 000 42 000
9 Clarinda iA 1985 020 000 215 _08 10 03 om o1
10 Columbus OH 1985 1090 10 18X 429 404 058 915 207
Columbus OH 1986 kX U) oM 1196 an 49 068 &% 127
11 Creston 1A 1986 © <00 0.00 1.2 035 046 0.13 0.34 ol
12 Crewe VA 198 <2 00 DX 0B <DV 0 OB 003
13 Davenport 1A 1985 032 o0t 0% 011 025 003 0B 000
14 Desrborn MO 1986 112 009 274 0oR 0M 005 08 003
15 Decatur 1L 1985 028 0.03 1.7 08 0.3% 0.10 074 036
16 Delts " OH 1986 9D 0.00 034 012 023 006 42 004
17 Eskridge KS 1986 <0 000 - <020 003 07 004 QXN 002
18 Fort Wayne IN 1986 50 052 1304 231 3.4 033 758 00
19 Greenville NC 198 0z 001 0¥ 002 021 000 @ 000
20 Hattick 1L 1986 <90 0.00 146 041 0.24 008 DX 006
21 Towa City 1A 1986 507 02 731 168 64 08 3B 080
22 Jacksonvillet iL 1986 612 08 2251 452 348 053 24 0
23 Jarratt VA 1986 02 0.00 096 137 093 006 &0 00
24 Jefferson County  KS 1986 02 002 4B 1% 02 004 112 07
25 Kankakee iL 1985 0.77 0.08 164 037 034 006 058 012
26 Lexington MO 1988 0% 00 an 00 0% 0w o4 002
27 Macomb iL 1986 1.2 009 a7z 0% 188 031 153 02¢
28 Marion L 1985 @O0 00 1% 048 0® o0 00 o1
29 Maysville OH 198 <2 000 034 007 4H0 0 4D 003
30 Michigan City IN 1985 <20 000 <20 000 <©20 00 D2 000
31 Monroe MI 1985 <92 000 02 00 €20 000 LD 000
32 Mount Vernon IN 1985 100 - 005 - 482 080 051 013 056 006
33 Muncie IN 1985 % 0.5 73 070 1.6 005 293 o
34 Olathe KSs 198 051 006 R 113 07 04 068 Q16
35 Ottawa KS 198 << 00 3&0 2 0z 00 o3 010
36 Piqua OM 1985 063 003 173 03 04 0@ 0N oot
37 Plattsburg MO 1986 D2 00 19 068 026 006 0 oxw
38 Pomona Leke KS 198 046 006 1075 1% 020 0 158 048
39 Quincy i 1985 0N 0.06 131 04 052 010 om - 0m
40 Richmond N 1985 340 057 100 205 367 0.65 1.3 026
§ Weekly composites with measured concentrations less than 0.2 ppb are indicated by < 0.20.
Annualized mean concentrations are calculated by summing all non-negative estimated
concentrations and dividing by 52, with the exception of the 1986 AMC's for atrazine,

.
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Tablell, Maximum Weekly and Annualized Mean Concencentrations (ppb)
of Four Herbicides in the Finished Drinking Water of Several US

Community Water Systems During 1985 and 1986 (continued)

Map Community
Key Water System

41 Roanoke Rapids
Sabetha
Shelbina
Shipman
Swanton
Toledo
University of lowa
University of lowa
Waterville
Westerville
White House
Wyaconda
Ypsilanti

S8&2ER

2RBes

NC
KS
MO
I
OH
OH
1A
1A
OH
OH
N

. MO

Ml

P26

25

Alachlor Atrazine Cyanazine Metolachlor
Year MWC AMC MWC AMC MWC AMC MWC AMC
198 QX 000 <020 000 03 00 90 000
1986 091 016 955 200 05% 004 316 054
1986 030 001 39 117 0% 017 00 005
1986 74 08 163 604 1% 088 9 208
1986 03 002 1% 033 0 006 02 006
1985 020 000 O 002 <2 00 <N 000
1985 10 on 295 062 154 o0 0L 0.11
19866 529 048 797 19 5.61 078 4w 069
1986 525 042 865 178 373 o4 677 092
1986 125 003 358 01 147 013 186 0.18
1986 <20 000 052 007 06 0 A0 002
1988 020 000 142 0.63 028 001 <2 0.00
1985 <020 000 <D0 000 <20 000 <0 0.00

cyanazine, and metolachlor, which were calculated using the relationship between SMC and

AMC given in Table II.

&6



Table ITI. Compounds Included in Surface Water Regression Model

Common Trade  Chemical Name Relative US Half-life in
Name Name Sales (b) Water (days)
Alachlor Lasso® 2-chloro-N-(2,6- 1.00 23
diethylphenyl)-N-
(methoxymethyl)acetamide .

Atrazine Aatrex® é-chloro-N-ethyl-N'~(1- 0.59 69
methylethyl)-1,3S-trizine-
2,4-diamine .

Cyanazine Bladex® 2-[[4-chloro-6~(ethylamino)- 0.41 69
1,3,5-triazin-2-yl}-amino)-2-
methylpropanenitrile

Metolachlor ~ Dual®  2-chloro-N-(2-ethyl-6- 0.69 s5
methylphenyl)-N-(2-
methyoxy-1-
methylethyl)acetamide

® Registered trademarks of the various polluting entities.
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Table IV. Statistical Summary of a Regression Model for Predicting Annualized -
Mean Concentrations (AMC's) of Four Herbicides

Variable (units) Coefficient Standard Error Observed

Significance

‘ ‘ Level®
Intercept - - «3.38789 037337 <0.0001
Herbidde Use 3.39377 035103 . <0.0001
Ib/A)
Half-Life in 0.02264 0.00242 <0.0001
Water (days)
Reservoir 0.14943 0.02548 <0.0001
Capacity (cm)
May Rainfall 0.05566 0.00972 «<0.0001
(cm)
Mobility in Soil, =0.00542 0.00100 <0.0001
Koc (mL/g) _
Soil Index (1.0- 0.23612 0.08742 0.0076
4.0, A-D)

* For a 2-tailed test of the coefficient = Q.

Median Absolute Error  0.0068 ppb (half the predicted AMC's are within 0.0068 ppb
of the observed value)

Model: logis(AMC) = Intercept + 2 (Coefficient* Variable) with AMC is given in (ppb)
Overall R? = 0.5904 (N=192)

Concen tratiohs are AMC's measured in surface water for alachlor, atrazhe,
cyanazine and metolachlor during 1985 and 1986.
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Figure Captions.

1.

Illustration of the influence of pesticide physical properties (mobility and
persistence in soil) on the propensity for occurrence at detectable levels in surface
water.

United States community water systems sampled by Monsanto during 1985 and
1986. The watersheds of the smailer rivers are indicated by the shaded areas.

Measured concentrations in the lowa River at the University of Iowa in Iowa
City during the 1985-1986 monitoring study.

Fréquency distribution of AMC’s in the alachlor use area during 1985-6 for
alachlor, atrazine, cyanazine, and metolachlor.

Comparison of predicted vs. observed annualized mean concentrations (AMC's)
of four commonly used herbicides in the surface waters of the US. The
predictions are made using the regression «quation summarized in Table IV.
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% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
33 WASHINGTON, D.C. 20460
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OFFICE OF
PESTICIDES AND TOXIC

SUBSTANCES
MEMORANDUM: January 25, 1993

SUBJECT: summary of data on alachlor concentrations in surface
waters.

TO: Jack Housenger, Chief
Special Review Branch
Special Review and Re-registration Division

FROM: Henry Nelson, Ph.D., Head 7 Y/

Surface Water Section .
Environmental Fate and Groungdwater. Branch/ D

:

Hank Jacoby, Chief
Environmental Fate and Grotndwater Brapch
Environmental Fate and Effects Division

This summary of data on alachlor in surface waters is in
response to your July 21, 1992 memo to H. Jacoby of EFED in which
you asked if the conclusions reached in the Alachlor PD 4 regarding
surface water were accurate, and posed several other questions.

This data summary is based upon the EFGWB review of 8 studies
including the 2 (Lauer etal 1986 and Smith etal 1987) on community
water systems submitted by the registrant and discussed in the
Alachlor PD 4. The data summary fotr those studies in the Alachlor
PD 4 is accurate except possibly for the "annualized means". It is
unclear how these were computed. The sampling intervals for those
2 studies were 4/85-1/86 and 4/86-9/86, respectively.
Consequently, any means computed from actual data would not be
annual. Without actual data covering the entire year, "annualized
means" are guesses. However, given the typical rapid decline in
alachlor concentrations from the peak concentrations in May and
June, annual concentrations are likely to be substantially less
than the 4/85-1/86 and 4/86-9/86 means. Since none of the 4/84-1/86
means in the Lauer etal 1986 study exceeded the MCL of 2 ug/L, none
of the 1985 annual means at the sampled systems were likely to have
exceeded the MCL. One 4/86-9/96 mean (2.39 ug/L for Jacksonville)
exceeded the MCL, but the annual mean was likely less than the MCL.

The only population data provided in the studies were from the
2 community water system studies. The other surface water questions
posed in the memo are addressed in the data summary below.

: | 77
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DRINKING WATER REGULATIONS:

Under the revised Federal drinking water regulations, public
water supply systems are required to sample their systems a minimum
of once each quarter year and analyze them for 18 regulated
pesticides for which MCLs have been established. If the annual
average concentration of one or more regulated pesticides (based
upon the average of 4 consecutive quarterly samples) exceeds its
MCL, the supply is considered to be out of compliance. Systems out
of compliance are required to notify their custopmers and to ensure
through additional monitoring and if necessary additional treatment
that the system is brought back to compliance.

Since the annual mean that is compared to the MCL will
generally be computed from the average of 4 consecutive quarterly
samples, any one of the samples having a concentration of greater
than 4 times the MCL of one or more regulated pesticides would
automatically place the system out of compliance. Consequently,
the American Water Works Association is not only concerned about
annual mean concentrations exceeding the MCL, but also about
individual concentrations of pesticides exceeding 4 times their
MCL.

EFGWB REVIEW METHODOLOGIES:

EFGWB reviewed 8 surface water monitoring studies conducted
over the last 10 years which contain alachlor data. Several month
to annual (the longest average that could be computed less than or
equal to one year was computed) mean alachlor concentrations were
compared to the alachlor MCL of 2 ug/L. Maximum and other
individual alachlor concentrations (when available) were compared
to 4 times the MCL (8 ug/L) for reasons previously discussed.

Alachlor concentration distributions are provided with respect
to its detection limit (varies), 1 ug/L, its MCL (2 ug/L), and 4
times its MCL (8 ug/L). Mean concentrations exceeding the MCL,
maximum concentrations exceeding 4 times the MCL, and numbers of
samples exceeding 4 times the MCL are shaded in the Tables.

Although much of the data reviewed was for raw surface water,
alachlor concentrations in raw surface waters and most finished
drinking waters from surface sources are expected to be comparable
due to the ineffeciency of the primary treatment systems of most
water supply systems in effectively removing compounds with low
soil/water partition coefficients such as alachlor. This was
demonstrated by one of the reviewed studies (Lauer etal 1986) in
which alachlor concentrations in raw and finished waters at the
same locations were almost identical.
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OVERALL DATA SUMMARY:

Alachlor concentrations tend to peak in May to early June
during the first runoff events following application and then
decline rapidly to almost pre-application levels of well below 1
ug/L by July or August. Peak concentrations of alachlor often
exceeded 4 times the MCL in some of the studies reviewed. The
frequency of such exceedences was greatest in one of the USGS
studies (Goolsby and Thurman 1991) in which samples were collected
during the first major runoff events following application and in
the Baker (1988) study where samples were apparently collected at
least 3 times a week and not time composited. Exceedences of 4
times the MCL were much less frequent in the other studies where
samples were collected at set intervals instead of during runoff
events and where time composite samples were often collected.

Data were not usually available to compute annual means.
Spring to Summer arithmetic and time weighted mean alachlor
concentrations only rarely exceeded the MCL in the studies
reviewed. In most cases where the computed several month means do
exceed the MCL, it appears from their magnitude and generally low
observed alachlor concentrations in Fall, Winter, and early Spring
that the corresponding annual means would generally be unlikely to
exceed the MCL. However, in the Squillace and Engberg 1984/1985
study of the Cedar River, dissolved arithmetic mean alachlor
concentrations for 1984 exceeded the MCL of 2 ug/L in 4 of the 6
locations sampled. Only one other computed annual arithmetic mean
exceeded the MCL in the other studies reviewed.

Alachlor concentrations in surface waters appear to depend
upon numerous factors including the quantity of alachlor use on the
drainage area upstream, the infiltration characteristics of the
drainage area soils, the drainage area upstream, and the timing,
numbers and intensities of post-application runoff events. In
addition, alachlor concentrations in finished drinking water may
reflect water management practices such as the amount of pumping
during runoff events, and the hydraulic residence times of holding
reservoirs.

As previously stated, individual alachlor concentrations often
exceeded 4 times the MCL in some of the studies reviewed whereas
annual arithmetic means based on much greater than 4 samples
generally appeared unlikely to exceed the MCL except in a few
cases. That along with time series plots of alachlor concentrations
showing sharp peaks during post-application runoff events, but
rapid decline to very low concentrations thereafter, suggests that
computations of annual means based upon the arithmetic average of
4 quarterly samples may frequently substantially overestimate
actual annual time weighted means. That may be particularly true if
one of the 4 quarterly samples is collected during post-application
runoff events when peak alachlor concentrations occur.
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RECOMMENDATIONS :

Although HED/OPP does not base its assessment of pesticides
risks due to drinking water consumption on exceedencies of the MCL,
they may find that the means, maximums, and concentration
distributions provided are useful for generating their exposure
assessments. EEB may also find them useful for generating exposure
assessments. Consequently, please provide those groups with a copy
of this review.

-

Time series plots for atrazine and cyanazine in streams and
rivers resemble those for alachlor in showing sharp post-
application peaks and then relatively rapid decline to low levels.
However, recent 6(a)(2) data submissions have indicated that
atrazine and cyanazine concentrations in some lakes and reservoirs
remain elevated throughout the year. Since alachlor is resistent to
abiotic hydrolysis just 1like atrazine and cyanazine, it is
theoretically possible that elevated concentrations of alachlor may
also occur throughout the year in some reservoirs and lakes with
low microbiological activities and hlgh hydraulic residence times.
Data on the concentrations of alachlor in lakes and reservoirs have
not as yet shown elevated alachlor concentrations throughout the
year. However, the-available alachlor data for lakes and reservoirs
are scarce and do not include alachlor data for lakes and
reservoirs in which year long elevated concentrations of atrazine
and cyanazine have been reported (eg., Rathburn Reservoir, West
Lake). The monitoring requirements of the revised drinking water
regulations should provide EFGWB with additional alachlor data on
lakes and reservoirs. Please forward any such data received by OPP
to EFGWB for review.

STUDIES REVIEWED:

(1) Lauer R, Smith RG, Baszis SR, Horner 1M, Rupel FL, Triebe FM,
and Klein AJ. 1986. Alachlor in raw and finished drinking water
derived from surface sources from 24 community water systems
located in regions of extensive Lasso use. MRID 158911. Performed
and presented by Monsanto Agricultural Company. Report No. MSL-
5412.

(2) Smith RG, Triebe FM, and Baszis SR. 1987. Alachlor, atrazine,
cyanazine, metolachlor, and simazine in surface water from 30
community water systems located in regions of Lasso use. MRID
40265901. Performed and presented by Monsantd Agricultural Company.
Report No. MSL-6787.

(3) Baker DB. 1988. Sediment, nutrient and pesticide transport in
selected lower great lakes tributaries. Performed by Water Quality
Laboratory of Heidelberg College for the Great Lakes National
Program Office of U.S. EPA. EPA-905/4-88-001. GLNPO Report No. 1.
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(4) Squillace P and Engberg R. 1988. Surface-water quality of the
Cedar River Basin, Iowa-Minnesota with emphasis on the occurrence
and transport of herbicides, May 1984 through November 1985. U.S
Geological Survey Water Resources Investigations Report 88-4060.

(5) Moyer L and Cross J. 1990. Pesticide Monitoring: Illinois EPA's
Summary of Results 1985-1989. Division of Water Pollution Control,
State of Illinois Environmental Protection Agency.

(6a) Goolsby DA and Thurman EM. 1991. Herbicides in rivers and
streams of the upper midwestern United States. To be published in
¢ Proc. 46th Ann. Meeting Upper Mississippi River Conservation
Committee '

(6b) Thurman EM, Goolsby DA, Meyer MT and Kolpln DW. 1991.
Herbicides in surface waters of the midwestern United States: The
effect of Spring flush. Environ. Sci. & Technol. 25(10): 1794-1796.

(6c) Thurman EM, Goolsby DA, Meyer MT, Mills MS, Pomes ML, and
Kolpln DW. 1992. Reconnaissance study of herbicides and their
metabolites in surface water of the midwestern United States using
immunoassay and gas chromatography/mass spectrometry. Environ. Sci.
and Technol. 26(12): 2440-2447

(7) Goolsby DA, Coup RC, and Markovchick DJ. 1991. Distribution of
selected herbicides and nitrate in the Mississippi River and its
major tributaries, April through June 1991;

(8) Taylor AG. 1992. Pre-compliance testing for pesticides in
Illinois surface water supplies. Unpublished report of Illinois
Environmental Protection Agency. Submitted under FIFRA 6(a) (2) by
DuPont.

SUMMARIES OF INDIVIDUAL STUDIES:
Lauer etal 1986:

Lauer etal 1986 sampled the raw and finished water of 24
community water supply systems whose primary source of water is
surface water and which are located in areas of alachlor use (Table
1). Of the 24 systems selected for sampling, only 2 were described
as being in high alachlor use areas. The other 22 were described
as being in "medium" use areas. Samples were collected daily from
April 1985 to January or February 1986. Daily samples collected on
7 consecutive days were time composited for analyses.
Concentrations in raw and corresponding finished waters were almost
identical at all locations.

None of the April 1985 to January or February arithmetic mean
alachlor concentrations in either raw or finished water exceeded
the alachlor MCL of 2 ug/L (Table 2). Only the raw and finished
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water arithmetic mean alachlor concentrations for Columbus, OH
exceeded 1 ug/L (1.74 and 1.68 ug/L, respectively).

The only individual alachlor concentrations exceeding 4 times
the MCL (8 ug/L) were for 3 samples collected from the raw and 2
samples collected from the finished water of Columbus, OH (Table
2) . The highest observed alachlor concentrations were 10.7 ug/L and
12.0 ug/L in the raw and finished waters, respectively, of
Columbus, OH.

The highest alachlor concentrations were observed in Columbus,
OH followed by Richmond, IN; Breese, IL, and Muncie, IN (Table 2).
All were described as belng located in intermediate alachlor use
areas. The 2 systems described as being in high alachlor use areas
(Davenport, IA and Greenville, NC) had among the lowest alachlor
concentrations. Such observations may reflect differences in the
infiltration characteristics of soils in the different watersheds
and/or differences in the numbers and intensities of post-
application runoff events. However, no information on soils or
hydrology was provided.

Time series plots for alachlor concentrations in raw and
finished water are provided in Figures 1 through 4 for the 4
systems with the highest alachlor concentrations. Alachlor
concentrations at the 4 locations peaked at above the MCL in mid to
late May, then declined throughout June to close to the pre-
application levels of April by July.

Smith etal (1987):

Smith etal (1987) sampled the finished water of 30 community
water supply systems whose primary source of water is surface water
and which are located in areas of alachlor use (Table 3 from Table
5 of the study report and Fig. 5 from Fig. 1 of the study report).
The systems sampled were different than those sampled by Lauer etal
(1986) in another Monsanto sponsored study. Samples were collected
daily from April to August or April to September at all but one
site. At one of the Illinois sites (Shipman), samples were
collected an additional 8 months. Daily samples collected on 7
consecutive days were time composited for analyses.

Only one of the April to August or April to September 1986
alachlor arithmetic mean concentrations exceeded the alachlor MCL
of 2 ug/L (Table 4). However, that arithmetic mean (2.39 ug/L for
Jacksonville, IL) was only slightly greater than the MCL, and
alachlor concentrations after September and before April . are
generally much 1less than those from April to September.
Consequently, the annual alachlor arithmetic mean concentration for
Jacksonville in 1986 was probably less than the MCL. For example,
although the April to August 1986 alachlor arithmetic mean
concentration at Shipman, IL was 1.7 ug/L, the annual arithmetic
mean was almost 50% less (0.91 ug/L).
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Only one reported individual alachlor concentration (9.5 ug/L
at Caledonia, OH) exceeded 4 times the MCL (8 ug/L) (Table 4).

The community water systems selected for sampling represented
various combinations of low to high alachlor use areas and low to
high susceptibility to runoff (based upon the average soil
hydrological grouping). Of the 8 systems with April to August or
April to September alachlor arithmetic mean concentrations > 1
ug/L, 7 were in the high alachlor use classification and one was in
the intermediate use classification. Only 3 were in the high
susceptibility to runoff category. Four were in the low
susceptibility to runoff category and one was in the intermediate
category. Consequently, the study authors believe that alachlor use
is a better predictor of alachlor concentrations in surface source
drinking water than susceptibility to runoff based upon
hydrological soil classifications.

Source types included small creeks, rivers, large man-made
impoundments and small to large lakes. The was no obvious
correlation between source type and alachlor concentrations
possibly due to the variation in other factors which probably
affect alachlor concentrations such as alachlor use and the soil
hydrological soil groupings.

Two of the systems in both a high alachlor use category and a
high susceptibility to runoff category (Delta, OH and Swanton, OH)
had low alachlor concentrations. The study authors attributed the
low alachlor concentrations in those systems to water management
practices. To keep holding reservoirs from filling up with
sediment, neither system pumps water from the sources when the
source water 1is turbid. Consequently, +the peak alachlor
concentrations which occur in source waters during the first major
runoff events following application are not pumped into the system
holding reservoirs.

Time series plots for alachlor concentrations in finished
water are presented in Figures 6 through 13 for the 8 systems at
which the April to August or April to September alachlor arithmetic
means were > 1 ug/L. Alachlor concentrations at the 8 locations
peaked at above the MCL in mid to late May, then declined
throughout June to close to the pre-application levels of April by
July.

Baker (1988):

Baker (1988) sampled 8 tributaries of Lake Erie from April 15
to August 15 of 1982 to 1985 (Table 5 from Table 5.1 of the study
report; Fig. 15 from Fig. 5.1 of the study report). Individual
data and the days, frequencies and compositing of sample collection
were not provided. However, based upon the total number of samples
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and the sampling period (April 15-August 15 of each year), at least
3 samples were probably collected at each location per week.

Four of the 24 April 15-August 15 alachlor time weighted mean
concentrations (TWMCs) over 3 of the 8 tributaries exceeded the
alachlor MCL of 2 ug/L (Table 6; Fig. 16). However, the highest
April 15-August 15 alachlor TWMC was only 3.3 ug/L and alachlor
concentrations during the other two thirds of the year tend to be
much less than 1 ug/L. Consequently, it is unlikely that annual
alachlor TWMCs exceeded the MCL at those locations.

Eighteen of the 30 maximum observed alachlor concentrations
over 7 of the 8 tributaries sampled exceeded 4 times the MCL (8
ug/L) (Table 6; Figs. 17 and 18).

The study author attributes the low pesticide concentrations
including those of alachlor in the Cuyahoga River to the small
percentage of agricultural use in the Cuyahoga watershed (see Table
7 from Table 5.2 of the study report). Although much of the River
Raisin watershed drains agricultural areas, pesticide
concentrations including those of alachlor tended to be lower than
in the other 6 surface waters sampled which drain high agriculture
use areas. The study author suggests that may be due to many of the
soils in the River Raisin watershed being more permeable to water
infiltration than those in the other watersheds. That would favor
leaching over runoff in the Raisin River watershed.

Squillace and Engberg (1988):

Cross sectional composite samples were collected at 6
locations within the Cedar River Basin alomg the Iowa-Minnesota
border (Fig. 19 from Fig. 2 of the study report. Except for
bimonthly samples in June 1984, samples were collected monthly May
1984 through September 1985 at the Floyd and Cedar Falls sampling
locations, and monthly from May 1984 through November 1985 at the
other 4 sampling locations.

Dissolved and total alachlor concentrations were almost
identical. Dissolved alachlor concentrations peaked in late May to
early June frequently at concentrations above the MCL (2 ug/L) and
often at concentrations above 4 times the MCL (8 ug/L). Dissolved
alachlor concentrations exceeded 4 times the MCL in samples
collected on June 9, 1984 in the Cedar River at Floyd (21.0 ug/L),
on June 10, 1984 in the Cedar River near Carville (22 ug/L), on
June 10 and 20, 1984 in the Cedar River at Cedar Falls (22.0 and
8.2 ug/L), and on June 10, 1984 in the Cedar River at Gilbertville
(17.0 ug/L) (Table 8).

Dissolved arithmetic mean alachlor concentrations for 1984
exceeded the MCL of 2 ug/L in 4 of the 6 locations sampled(Table
8). None of the 1985 arithmetic mean alachlor concentrations
exceeded 0.46 ug/L. The highest dissolved arithmetic mean alachlor
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concentration was 3.1 ug/L for 1984 in the Cedar River near
Carville.

Time series plots for dissolved alachlor are presented in
Figures 20 through 23 for the 4 sampling locations where the 1984
arithmetic mean alachlor concentration exceeded the MCL.

Moyer and Cross 990) ¢

Samples for pesticide analyses were collected from a 30
station subnetwork of the 208 station Illinois Ambient Water
Quality Monitoring Network (Table 9 and Figure 24 from Table 2 and
Fig. 2 of the study report). Twenty-six of the 30 stations
reportedly receive drainage from agricultural watersheds. The 4
stations draining non-agricultural watersheds (Des Plaine R., upper
Illinois R., the Big Muddy R., and Lusk Creek) served as controls.

Cross-sectional composite samples were collected at each
location twice in the Spring, twice in the summer, and once in the
winter from October 1985 to October 1988.

Annual alachlor arithmetic mean concentrations were calculated
for each of 3 years for each location (Table 10). One of the annual
arithmetic mean concentrations (3.41 ug/L for Bay Creek in 1988)
exceeded the alachlor MCL of 2 ug/L. Two other annual arithmetic
means (1.47 ug/L for the middle fork of the Saline River in 1987
and 1.08 ug/L for Silver Creek in 1987) exceeded 1 ug/L.

Two of the observed maximum alachlor concentrations (18.0 ug/L
for Bay Creek in 1988 and 8.5 ug/L for the middle fork of the
Saline River in 1987) exceeded 4 times the MCL (8 ug/L) (Table 10).

Time series plots for alachlor concentrations are presented in
Figs. 25 through 28 for the 4 locations with arithmetic means > 1

ug/L.
Goolsby and Thurman (1991): Thurman etal (1991): Thurman etal 1992:

The USGS sampled 129 corn and soybean production locations
over 10 midwestern states in 1989 (Fig. 29 from figure in the study
report) . At each location, one cross-sectional composite sample was
collected during the first major runoff event following pesticide
application. In addition, at many of the locations, one sample was
collected in the early Spring prior to pesticide application and in
the Fall at harvest several months after application. Alachlor
concentrations in the pre-application and Fall samples were
generally much 1less than 1 ug/L (Table 11). However,
concentrations in the post-application samples exceeded 4 times the
alachlor MCL (8 ug/L) at 10 locations in Iowa, 4 1locations in
Illinois, 4 locations in Indiana, and 2 locations in Ohio (Table
11; Figs. 30 through 33). Approximately 1/3 of the sampling
locations were re-sampled pre- and post-application during 1990.
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The results of the 1990 sampling program were reported to be
comparable to those of the 1989 program. '

Goolsby etgl 1991:

The USGS sampled 8 locations within the Mississippi drainage
basin from April 1991 through March 1992 (Fig 34 from Fig. 1 of the
study report). Cross-sectional composite samples were collected
biweekly during May through July and weekly during other months.

The April 1991 through January 1992 data are summarized in
Table 12. None of the 4/91-1/92.  alachlor arithmetic mean
concentrations for the 8 locations sampled exceeded the alachlor
MCL of 2 ug/L. The highest 4/91-1/92 alachlor arithmetic mean
concentration (0.42 ug/L for the Platte River at Louisville NE) was
less than 25% of the MCL. The annual arithmetic means could not be
computed by EFGWB because the February through March 1992 were not
yet available for review. However, since pre-application alachlor
concentrations are generally the lowest of the year, the annual
arithmetic means are probably lower than the 4/91-1/92 arithmetic
means.

None of the individual concentrations exceeded 4 times the MCL
(8 ug/L). The highest observed alachlor concentration (3.6 ug/L in
the Platte River at Louisville, NE) was less than 50% of 4 times
the MCL.

Time series plots are presented for alachlor in Figures 35
through 37 for the 3 Mississippi Basin sampling locations at which
at least one alachlor concentration exceeded the MCL. Alachlor
concentrations at the 3 locations peaked at above the MCL in mid to
late May, then declined throughout June to close to the pre-
application levels of April by July. -

Taylor 1992:

Taylor (1992) reported that in the Springs of 1991 and 1992,
the Illinois EPA sampled the finished water of the 129 IL water
supply systems whose primary sources are surface water. One sample
was collected each Spring at each system. Collection times varied
but were all within April to July of each year.

In April to July 1991, alachlor was detected (detection limit
<=0.02 ug/L) in 67 of the 129 systems sampled. However, alachlor
concentrations exceeded 1 ug/L in only 3 samples and none exceeded
the alachlor MCL of 2 ug/L. The highest observed concentrations
were 2 ug/L collected on 5/28/91 from the Greenfield system, 1.5
ug/L collected on 5/29/91 from the Gillepsie system, and 1.2 ug/L
collected on 6/5/91 from the Mount Carmel system.
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In April to July of 1992, alachlor was detected in 22 of the
128 systems sampled. None of the concentrations exceeded the MCL of

2 ug/L and none exceeded 1 ug/L.



Table 1) Community Water Systems sampled, their primary sources of water,
and population served (Lauer etal 1986).

System Source Population Served
Bethany, MO Old L./New L. 3090
Blanchester, OH |]Whiteacre Run/Stonelick Cr. 3750
Breese, IL Shoal Creek 4095
Charleston, IL Embarrass River 18162
Clarinda, IA Nodaway River 5458
Columbus, OH Scioto River 250,000
Davenport, 1A Mississippi R. 133,264
Decatur, IL Decatur Lake 91,018
Greenville, NC Tar River 37,000
Kankakee, IL Kankakee River 56,232
Lexington, MO Missouri River 5356
Marion, IL Crab Orchard Lake 14,016
Michigan City, INiLake Michigan 36,250
Monroe, Ml Lake Erie 23,531
Mt. Vernon, IN Ohio River 7610
Muncie, IN White River 80,000
Piqua, OH Miami River 21,500
Quincy, IL Mississippi R. 48,000
Richmond, IN Wwhitewater River C 41,260
Roanoke Rapids, NJRoanoke River 48,000
Toledo, OH Lake Erie 388,000
Univ. of lowa lowa River 8560
Wyaconda, MO Wyaconda River 356
Ypsilanti, MI Huron River 24,031




Table 2) Alachlor maximum concentrations, arithmetic means, and concentration distributions for surface water
source raw (top line) and finished (bottom line) water of 24 community water systems sampled 4/85-1/86. The
concentration distributions of alachlor are with respect to its detection Limit (0.2 ug/L), 1 ug/L, its MCL
(2 ug/L), end 4 times its MCL (8 ug/L). Maximum concentrations exceeding 8 ug/L (4 times the MCL) and mesns
exceeding the MCL of 2 ug/L are shaded. Data are from Lauer etal (1986).

Atachlor Alachlor JAlachlor
Maximum Ar. Mean |Concentration Distribution
System Source (ug/L) Cug/L) C<=0.2 0.2<C<=1 1<C<=2 2<C<=8 Cc>8
Bethany, MO Old L./New L. ~0.2 0.2 %3 0 0 0 0
0.2 0.2 43 0 + 0 0 0
Blanchester, OH Whiteacre Run/Stone 1.26 0.36 3 8 3 0 0
1.1 0.34 31 9 2 0 0
Breese, IL Shoal Creek 4.57 0.51 33 8 2 2 0
4 .45 0.49 29 11 4 1 0
Charleston, IL Embarrass River 0.2 0.2 43 0 0 0 0
- 0.2 0.2 43 0 0 0 0
Clarinda, 1A Nodaway River 0.2 0.2 [Y4 0 0 0 0
0.2 0.2 42 0 0 0 0
Columbus, OH Scioto River 1.74 15 17 2 8 2
1.68 21 11 3 8 Zaagn
Davenport, IA Mississippi R. 0.72 0.22 39 2 0 0 (]
' 0.35 0.2 40 1 .0 0 0
Decatur, IL Decatur Lake 0.28 0.2 b4 2 0 ] 4]
0.3 0.21 40 6 0 0 0
Greenville, NC Tar River 0.26 0.2 43 2 0 0 0
0.28 0.2 43 2 0 0 0
Kankakee, IL Kankakee River 0.85 0.26 32 12 0 0 0
0.79 0.25 34 10 0 0 0
Lexington, MO Missouri River 0.84 0.25 35 [ 0 0 0
0.59 0.22 36 5 0 0 0
Marion, IL Crab Orchard Lake 0.2 0.2 44 0 0 0 0
0.2 0.2 44 0 0 0 0
Michigan City, IN Lake Michigan 0.2 0.2 45 0 0 0 0
0.2 0.2 45 0 0 0 o
Monroe, Ml Lake Erie 0.2 0.2 43 0 0 0 0
0.2 0.2 43 0 0 0 0
Mt. Vernon, IN Ohio River 1.46 0.26 37 5 1 0 0
1.21 0.24 37 5 1 0 0
Muncie, IN white River 2.54 0.44 30 10 2 3 0
2.86 0.43 27 14 1 3 0
Piqua, OH Miami River 1 0.25 39 4 0 0 0
0.63 0.22 39 4 0 0 0
Quincy, IL Mississippi R. 0.54 0.22 37 5 0 0 0
.7 0.24 37 5 0 0 0
Richmond, IN wWhitewater River 3.49 0.82 21 9 é [) -0
3.55 0.83 22 8 é ) 0
Roanoke Rapids, N Roanoke River 0.2 0.2 44 0 0 0 0
0.2 0.2 44 0 0 0 0
Toledo, OH Lake Erie 0.2 0.2 41 0 0 0 0
0.2 0.2 41 0 0 0 0
Univ. of lowa Iowa River 1.71 0.3 38 2 3 0 0
1.83 0.31 37 4 2 0 0 .
Wyaconda, ™0 Wyaconda River 0.29 0.21 36 5 0 0 0
0.2 0.2 41 0 0 0 0
Ypsilanti, MI Huron River 0.2 0.2 37 0 0 0 0
0.2 0.2 37 0 0 0 0
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Table 4) Alachlor maximm concentrations, arithmetic means, and concentration distributions for

the surface source finished water of 30 community water systems sampled 4/86-9/86. The concentration
distributions of Alachlor are with respect to its detection timit (0.20 ug/L), 1 ug/L, its MCL ‘(2 ug/L)
and 4 times its MCL (8 ug/L). HMaximum concentrations exceeding 8 ug/L (and 4 times the MCL) and
arithmetic mean concentrations exceeding the MCL of 2 ug/L are shaded. Data from Smith etal (1987).

Alachlor Alachior [Alachlor
Maximum Ar. Mean |Concentration Distribution

System Source (ug/L) (ug/L) C<=0,2 0.2<C<=1 1<C<=2 2<C<=8 c>8
Appleton, Wi Lake Winnebago 0.2 0.2 19 -0 0 0

Bowl ing Green, OH|Maumee River 1.25 8 6 4 5

Caledonia, OH Olentangy River 13 3 1 5

Carlinville, IL |Lake Carlinville 19 0 0 0 0
Columbus, OH Scioto River [-) 10 2 [ 0
Creston, IA 12 Mile Reservoir 22 0 0 0 0
Crewe, VA Crystal Lake 20 0 0 0 0
Dearborn, MI Unspecified Lake 12 7 1 0 0
Delta, OH Bad Creek 21 0 0 0 0
gEskridge, KS Lake Wabaunese 21 0 [ 0 0
Fort Wayne, IN St. Joseph River 12 5 5 4 0
Hettick, IL Lake Treesen 21 0 0 0 0
Jowa City, IA lowa River 7 9 2 4 0
Jacksonvitle, 1L |Mauviasterre R. [ e 5 8 4 13 0
Jaratt, VA Nottaway River 0.2 0.2 21 0 0 0 0
Jefferson Co., KS|Perry Lake 0.29 0.21 16 4 0 0 0
Macomb, IL Spring Lake 1.42 0.36 15 5 2 0 0
Maysville, OH Frasier's Quarry 0.2 0.2 20 0 0 0 0
Olathe, KS New Olathe Lake 0.51 0.25 15 10 0 0 0
Ottawa, KS Maraisdes Cygnes R. 0.2 0.2 19 0 0 0 0
Plattsburg, MO |Unspecified Lake 0.2 0.2 19 0 0 0 0
Pomona Lake, KS |Pomona Lake 0.45 0.26 10 9 0 0 0
Sabetha, KS Sabetha Lake 0.9 0.4 7 17 0 0 0
Shelbina, MO Shelbina Lake 0.21 18 2 0 0 0
Shipman, IL Shipman R./Res. 0.91 ) 39 1 6 0
Swanton, OH Swan Creek 0.21 16 3 0 0 0
Univ. of IA lowa River 1.16 9 7 2 5 0
Waterville, OH Maumee River 1.08 9 6 3 4 0
Westerville, OH [Alum Creek 0.26 19 1 1 0 0
Wwhite House, TN |Old Hickory Lake 0.2 21 0 0 0 0
Total Alachlor 0.54 446 . - 151 28 52

(65.8%) (22.3%) (4.1%) (7.7%)
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5 .
s iable &3 Summary of land use and gross erosion rates for Lake Erie Basin tributary watersheds.
= froaccfg \AEE)
5 Gross
it cratnrehed Cropland Pasture Forest Water Other Erosion Rate
% % % % % %o kg hayr
g’ -
.2 mee R. , 75.6 3.2 8.4 35 ° 8.4 6.840
3 zangusky R. 79.9 2.3 8.9 2.0 6.8 2,250
.:w0gaR. 4.2 43.1 29.1 3.0 20.6 896.°
B = 67.1 6.8 9.0 3.0 14.1 9.750
- 82.8 06 10.0 05 6.3 6,860
'om2y CF 89.1 75 34 7.080
- 80.9 2.3 11.3 0.8 52 2540
V4 - 830 10.6 1.4 5.0 7.610°"
E . ~-5s3 erosion rate was calculated using the normal cover factor for torested areas. Due to unusua

. - ~anons of soils and slopes in portions of the Cuyahoga River basin, erosion from this watershed
. . 5 much higher than the calculated value.

- a1~ulation was completed in 1987 by the U.S. Soil Conservation Service and includes the

STV £

., -+ ~onservation tillage demonstration programs to increase residue levels on the soil.

-z Honey Creek, a second sampler, set to collect samples at one or two hour intervals, is
. . _zod. The second sampler is either triggered automatically when the river stage reaches
. .-an level or is manually triggered during a runoff event. In either case, the time of

-~ = collection is recorded on a printer. During low flow periods analyses aré performed

et

2~ =~y sna sample per day. During storm events, as evidenced either by turbidity in the

-2 «z ¢r by high stream discharges, all available samples are analyzed (four or more per
~.zanding on the station). '

%+ e stations in Michigan and New York, grab samples are collected by local observers.
7o e Awer Raisin five samples per week are collected on a year-around basis. For the
.~ - ‘ytaries the local observers aré instructed to collect at predetermined intervals
AR z per week) and to collect extra samples during high flow periods. In general, the
P+ 7 omgrams for the wributaries to Lake Ontario have been much less satisfactory than
Y-~ . =z _:aries to Lake Erie. because local observers had to decide whether a particular
.+ was a “large” event for a particular year. and because storms don't always come

= B I T -1

4 m—‘“ samples for Lake Erie Basin sampling stations are collected with automatic

. Ch:..:-:,,dz the Maumee River, Lost Creek, Sandusky River, Honey Creek. Upper Honey
} sorc o “,ROCB Creek stations. For the Maumee and Sandusky rivers, ISCO Model 2100
, 2 ~ontaining 24 400 mi glass bottles, are used. In order to obtain sufficient volume

2 i



Table 6) April 15-August 15 time weighted mean concentrations (TWMCs) and max imum
cbserved concentrations of alachlor in surface water samples collected from 8
tributaries of Lake Erie from 1982 to 1985. April 15-August 15 TWMCs greater than
the alachtor MCL of 2 ug/L are shaded along with maximum observed concentrations
greater than 8 ug/L (4 times the MCL). Data from Baker (1988).

Maumee Sandusky Honey Rock Utoney Lost Raisin Cuyahoga
Cree Creek Creek Creek River River

38 0.28 W&' ‘y cr:t'i:?:-t
0.274 1.657 0.754 0.092
0.399 0.104 1.603 0.021

Haumee Sandusky Honey ‘Rock Uloney Lost Raisin Cuyahoga
River Creek Creek Creek Creek River River
e 3 - o AT

7%



Table g Listing of mbutary monitornng ‘stations, watershed areas, mean annual discharges, and. for the
1382-1985 water years, the water year discharges and the number of nutrient and pesticide samples
analyzed (5 Ae e Ta &)

Station Azea Km2 USGS Annual Samples Analyzed
USGS No. {Mean Annual Water Year Discharge Nutrients Pesticides
Discharge, 106m?) 108m3
Laumee R 14 225 kmA 1082 7.107 479 53
%1233500 4.422) 1983 4748 546 62
1984 5.878 482 88
1985 4.265 454 56
Sanausky R 3.240 km? 1982 1.390 469 51
04198000 1891,3) 1983 649.6 , 448 58
1984 1.940 441 79
1985 769.8 502 82
Cuyahoga R. 1.831 km2 1982 919.8 447 24
04208000 (738) 1983 9199 475 25
1984 1.030 437 20
1985 9217 502 29
Raisin R. 2,565 km? 1982 925.3 223 25
24178520 -650,2) 1983 874.4 312 a2
1984 753.0 213 43
1985 816.7 319 a1
Herey Cr. 385 km? 1982 157.7 538 65
34187109 (124.1) 1983 a8.72 514 68
1984 168.2 483 100
1985 9143 480 121
Ucper Honey 44,0 km2 1982 : 16.58 151 .-
Creek {15.36) 1983 11.06 415 58
3415702 1984 21.07 409 32
1985 12,07 430 85
Zack C- 83.0 km? 1983 .- 434 46
04197170 1984 4313 522 87
1985 © 1983 540 143
Lost Creek - .3 km2 1982 6.799° 518 51
Trib. 1983 5175 784 59
04185440 1984 4.956° 399 57
1985 4.840 4857 63
Geresze R 6.390 km? 1982 . 33623 56 .-
04232500 (2.512) 1983 2431.4 60 .. ¥
1984 3.826.4 43 .-
1985 2,201.0 75 -- f
*
Tswego R 13.205 km? 1982 6.715.1 52 -- :
24248700 15.351) 1983 5,085.3 60 .- :
1984 6.748.7 43 -- E
1985 4.682.1 75 -- bt
Biack B NY 4854 um? 1982 3.976 . 61 - »
24260500 {3 z58) 1983 3,570 65 - x
1984 4,295 62 -- f
1985 3,802 30 -- -
3
* Orscharge recards suwject to revision. i
4
¥
e
24 4
&




Table 8) Alachlor meximums, arithmetic means, and concentration distributions for samples collected
5/84-9/85 or 11/85 from 6 locations in the Cedar River Basin on the Iowa-Minnesota border. The
concentration distributions of alachlor were computed with respect to its detection limit (0.1 ug/L),
1 ug/t, its MCL (2 ug/L), and & times its MCL (8 ug/L). Maximums greater than 4 times the MCL and
means greater than the MCL are shaded. Data are from Squillace and Engberg (1988).

1984 1984 1985 1985

Alachlor Alachlor] Alachtor Alachlor] Alachlor *

Sampling Maximum Ar. Mean| Maximum Ar. Mean]Concentra Distribution

Location (ug/L) - (ug/L) (ug/L) (ug/L) C<=0.1 0.1<C<=1 1<C<z2  2<C<=8 o8
Cedar R. Floyd et d s 0.46 10 3 1 1

Cedar R. Carville 0.61  0.28 1 4 0 0

Shell Rock R. 0.18 0.11 14 3 0 1

Ced. R. Cedar Ffalls 0.48 0.26 10 4 0 0

Ced.R. Gilbertsvil 0.33 0.14 10 3 0 1

Cedar R. Bertram 7.7 1.48 0.24 0.17 13 2 0 3
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Table @. Pesticide Subnetwork Stations

PACagr s CRALS Y ~\
IEPA
STATION STREAM VERBAL
_CODE NAME . DESCRIPTION —— .
AK 02° Lusk Creek Co. Rd. Br., 2.8 mi. SE of Eddyville
ATG 03 M. Fork Saline River Co. Rd. Br., 2.7 mi. SE of Harrisburg
BE 07 Embarras River Co. Rd. Br. at N edge of St. Marie
BPJ 07 Salt Fork Vermilion River Co. Rd. Br., 2.5 mi. N. of St. Joseph
C 19 Little Wabash River Co. Rd. Br., NE edge of Louisville
D 23" lllinois River Marseilles downstream from Nabisco Bld.
DA 06 Macoupin Creek Rt. 267 Br., 3.5 mi. NW of Kane
DG 01 LaMoine River U.S. Rt. 24 Br. at Ripley
DG 04 LaMoine River Rt. 61 Br. at Colmar
DJ 06 Spoon River Rt. 17 Br., 2 mi. W of Wyoming
DJ 08 Spoon River Rt. 95, 0.4 mi. NE of Seville
DK 13 Mackinaw River 4 mi. SE of Deer Creek at CO. Rd. Br.
DQ 03 Big Bureau Creek Rt. 6 Br. near Princeton
DS 07 Vermilion River Co. Rd. Br,, 3 mi. NE of Leonore
E 25 Sangamon River Rt. 97 Br. near Oakford
E 28 Sangamon River Co. Rd. Br. (Allerton Park) 4.5 mi. SW of
Monticello
El 02 Salt Creek Rt. 29 Br., 4 mi. N of Greenview
~F 01 Kankakese River I-55 Br., 3 mi. NW of Wilmington
G 15° Des Plaines River Irving Park Rd. Br. at Schiller Park
KCA 01 Bay Creek Twp. Road Br. at W edge of Nebo
KiI 02 Bear Creek Co. Rd. Br., 2.2 mi. NE of Marcelline
LD 02 Henderson River Rt. 94 Br., 1 mi. S of Bald Bluff
LF 01 Edwards River Rt. 17 Br., 2 mi. NE of New Boston
MJ 01 Plum River U.S. 52 Br. at E edge of Savanna
MN 03 Apple River U.S. 20 Br., 2 mi. W of Elizabeth
N 11° Big Muddy River Rt. 149 Br., 0.7 mi. W of Plumfield
O 08 Kaskaskia River U.S. Rt. 51 Br. at SE edge of Vandalia
oD 07 Silver Creek Rt. 460 Br., 2.2 mi. SE of Freeburg
PB 04 Green River Rt. 82 Br., N of Geneseo
PH 16 Elkhorn Creek 2 mi. NW of Penrose Co. Rd. Br.
* = "Control”

2. Pesticide Selection

The candidate list of pesticides initially considered for the pesticide subnetwork
included a total of 58 herbicides and insecticides (see Appendix A). Criteria utilized in
selecting pesticides to be monitoring included:

quantities used statewide ' ?é
potential for offsite movement
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Table 10) Alachlor maximums, arithmetic means, and concentration distributions for surface water
semples collected 10/85-10/88 from 30 locations in Iilinois. The concentration distributions of
alachlor were computed with respect to its detection limit (0.02 ug/L), 1 ug/L, its MCL (2 ug/L),
and 4 times its MCL (4 ug/L). Maximums greater than 4 times the MCL and means greater than the
MCL are shaded. Data are from Moyer and Cross (1990; lllinois EPA).

1986 1986 1987 1987 1988 1988
Alachlor AtachlorfAlachlor AlachlorfAtachlor AlachlorjAlachlor
Maximum Ar. Mean] Maximum Ar. Meanf Maximum Ar. MeanConcentration Distribution

Location (ug/L)  (ug/L) § (ug/L) (ug/L) Cug/L) (ug/L) | C<=0.02 0.02<C<= 1<C<=2 2<C<=8 c>8
Lusk Creek 0.02 0.02 02 0.02 0.02 0.02 9 0 0 0

Middie F. Saline R. § 1.30 0.26 20  1.47 ] 0.08 0.03 0 7 1 0
Embarass River 0.97 0.20 0.54 0.20 0.13 .0.05 4 14 Q 0 0
Salt F. Vermillion R} 1.20 0.21 2.10 0.35 0.46 0.10 9 9 1 1 0
Little Wabash River 1.60 0.32 1.40 0.50 0.08 0.05 14 3 2 ] 0
Itlinois R. (Harbour] 1.30 0.36 0.24 0.10 2.10 0.37 8 7 1 1 0
Maucopin Creek 2.30 0.36 0.91 0.17 0.03 0.03 10 10 0 1 0
Lamoine R. (Ripley) 3.20 0.61 1.40 0.23 0.09 0.05 8 1 1 1 0
Lamoine R. (Colmar) 0.75 0.19 0.36 0.09 0.11 0.06 9 11 0 0 0
Spoon R, (Wyoming) 0.37 0.07 0.04 0.03 0.08 0.03 17 4 0 0 0
Spoon R. (Seville) 0.24 0.08 0.22 0.06 0.07 0.03 11 8 0 0 0
Mackinaw River 0.30 0.08 3.50 0.62 0.08 0.03 12 ) 0 1 0
Big Bureau Creek 0.85 0.18 0.45 0.12 0.39 0.09 11 9 0 0 0
vermillion R. 5.30 0.90 1.40 0.34 0.72 0.14 10 6 1 1 0
Sangamon R. (Qakfor)] 0.08 0.04 0.45 0.14 0.04 0.02 9 5 0 0 0
Sangamon R. (Montic)] 0.90 0.17 0.12 0.04 0.10 0.04 12 9 0 0 0
Salt Creek 0.57 0.14 0.1 0.04 2.50 0.44 12 7 0 1 0
Kankakee River 1.30 0.24 2.20 0.41 .40 0.11 8 8 1 1 0
Des Plaines River 1.00 0.16 0.06 0.03 0.02 0.02 16 2 0 0 0
Bay Creek 0.44 0.12 2.00 0.3 L3808 7 7 10 1 1 g
Bear Creek 2.70 0.50 0.47 0.10 1.80 0.37 8 10 1 1 0
Henderson Creek 1.20 0.20 0.04 0.02 0.32 0.06 13 7 1 0 0
Edwards River 5.60 0.98 0.37 0.09 0.05 0.03 10 9 0 1 0
Plum River 1.60 0.25 5.60 0.95 08.04 0.02 15 2 1 1 0
Apple River 0.46 0.08 0.53 0.1 0.02 - 0.02 16 3 0 0 0
Big Muddy River 0.32 0.07 0.12 0.04 0.04 0.02 15 4 0 0 0
Kaskaskia River 0.57 0.13 0.07 0.03 0.09 0.03 12 7 [1] 0 0
Silver Creek 3.50 0.64 3.60 1.08 1.40 0.26 1 4 1 3 0
Green River 0.22 0.09 0.60 0.12 1.60 0.30 7 11 1 0 0 -
Elkhorn Creek 0.21 0.06 0.16 0.06 0.41 0.09 16 2 0 0 0

5.60 0.26 | 5.60  0.26 i 0 [ 339 205 1% iH
T (58.9%) (35.7X) (2.4%) (2.6%)
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Teble 11) The maximum, arithmetic mean, and concentration distribution of alachlor with respect to its detection
timit (0.05 ug/L), 1 ug/L, its MCL (2 ug/L), and 4 times its MCL (8 ug/L). Values are provided for 3 sampling
times (pre-application, post-spplication, and Fall 1989) collected from up to 142 surface water locations over
10 midwestern states. Maximums greater than 8 ug/L (4 times the MCL) are shaded as our #s of concentrations
exceeding 8 ug/L. Data are from Goolsby and Thurman (1991).

Atachlor Alachlor Alachlor
Alachlor Max imum Ar. Mean Concentration Distribution
(Pre-application) Cug/L) (ug/L) €<=0.05 0.05<C<=1 1<C«=2 2<C<= c>8
Towe 0.19 0.07 7 2 0 0 0
Illinois 0.13 0.06 9 2 o 0 0
Indiana 0.08 0.06 5 2 0 0 0
Kansas 0.05 0.05 2 0 0 1] 0
Minnesota 0.11 0.06 4 1 0 0 0
Missouri 0.44 0.16 3 e 0 0 0
Nebraska 0.05 0.05 5 0 0 0 0
ohio 0.19 0.09 3 1 0 0 0
South Dakota 0.05 0.05 3 0 0 0 0
Wisconsin 0.05 0.05 4 0 0 0 Q
Total (Pre-application) 0.07 45 10 0 0 1]
(81.8%) (18.2%) (0.0%) €0.0%) (0.0%)
Alachlor Alachlor Alachlor
Alachlor Max imum Ar. Mean Concentration Distribution
(Post-application) (ug/L) (ug/L) €<=0.05 0.05<C<=1 1<C<=2 2<C<=8 c>8
Towa 15.54 0 1 0 4
Itlinois 5.70 0 17 2 3
Indiana 3.67 0 7 3 é
Kansas 0.51 2 1 1 0
Minnesota 0.29 5 (3 2 0
Missouri 0.76 1 5 1 1]
Nebraska 1.67 1 5 3 6
chio 3.54 0 7 0 4
South Dakota 0.06 6 2 0 0
Wisconsin 1.03 3 3 L 1
Total (Post-application) 3.28 18 S4 13 26
(14.0%) (41.9%) (10.1%) (18.6%)
Alachlor Alachlor Alachlor
Alachlor Maximum Ar. Mean Concentration Distribution
(Fall) (ug/L) (ug/L) C<=0.05 0.05<C<=1 1<C<=2 2<C<=8 c>8
Towa 0.40 0.08 | 23 ] 0 0 0
Itlinois 0.21 0.06 25 1 0 0 0
Indiana 0.23 0.07 15 5 0 0 0
Kansas 0.05 0.05 6 0 0 4 0
Minnesota 0.05 0.05 14 0 0 0 0
Missouri 0.18 0.08 6 2 0 0 0
Nebraska 0.11 0.06 14 2 1] 0 0
ohio 0.30 0.12 10 3 0 0 0
South Dakota 0.05 0.05 4 1] 0 0 0
Wisconsin 0.06 0.05 8 1 0 0 0
Total (Fall) 0.07 125 7 0 — 0 0
(88.0%) (12.0%) (0.0%) (0.0%) (0.0%)

78



Table 12) The maximum concentrations, arithmetic mean concentrations, and conconcentration distributions of alachlor
in surface water samples colliected 4/91-1/92 from the Mississippi Basin. The distributions are with respect to

its detection limit (0.05 ug/L), 1 ug/L, its MCL (2 ug/L), and 4 times its MCL (8 ug/L). Data are from

Goolsby and Coup (1991).

Alachior  4791-1/92 {Alachlor

Max imum Ar. Mean jConcentration Distribution
Sanpling Location (ug/L) (ug/L) C<=_0_.05 0.05<C<=1 1<C_<=2 2<C<=8 C>8
wWhite River near Hazelton, IN 3.2 0.29 33 1R 3 2 0
Ohio River near Grand Chain, IL 0.4 0.08 26 9 0 0 0
Mississippi R. near Clinton, 1A 0.85 0.16 24 20 R 0 0 0
Illinois R. near Valley City, IL 3 0.39 22 17 2 1 0
Platte River near Louisville, NE b 0.42 21 16 2 3 0
Missouri River near Hermann, MO -0.92 0.18 24 21 0 0 0
Mississippi R. near Thebes, IL 0.85 0.26 12 33 0 0 0
Mississippi R. at Baton Rouge, LA 0.46 0.12 28 22 0 0 0
Alachlor over all sites 3.6 0.24 190 150 4 [ 0

(53.8%) (42.5%) (2.0%) (1.7%) €0.0%)
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Page [64 is not included in this copy-

Pages through are not included.

The material not included contains the following type of
information:

_____ Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality control procedures.
Identity of the source of product ingredients.
Sales or other commercial/financial information.
A draft product label.

The product confidential statement of formula.
_____ Information about a pending registration action.

y/_ FIFRA registration data.

The document is a duplicate of page(s) .

The document is not responsive to the request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.
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Figure §%° Locations of the tributary monitoring stations in the Lake Erie Basin.
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EXPLANATION

‘iowa
v WATER-QUALITY SAMPLING SITE

A U.S. GEOLOGICAL SURVEY
STREAMFLOW RECORDING GAGE
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Figure 24¥Ambient Water Quality Monitoring Network Map
with Pesticide Subnetwork
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ARY/i f * 7" I",' ; ’/
MEMORANDUM o 2 //5’ Ay S

et ‘,{ ’/_[) - ) 7
SUBJECT: Alachlor / _ ' : /
/ //9'//' T .

FROM: Jack Housenger, Chie ' . //

Special Review Branch
Special Review and Rerggistration Division (H7508W)

TO: Hank Jacoby, Chief
Environmental Fate and Groundwater Branch
Environmental Fate and Effects Division (H7507C)

In December 1987, the Agency issued its final determination regarding
carcinogenic risks resulting from dietary and non-dietary exposure to alachlor. This
final determination deferred a decision on the groundwater risk of alachlor until the
results of the 1990 "National Alachlor Well Water Survey” (NAWWS) were
submitted and reviewed, '

Now that EFGWB has reviewed the NAWWS study, we need answers to the
following questions in order to determine if the Special Review on alachlor
groundwater issues should proceed. Additionally, we need to determine if the
conclusions reached in the alachlor PD 4 regarding surface water were accurate
(see highlighted sections of the attached PD 4). :

o Briefly describe the NAWWS study. -

o What do the data from the NAWWS study and data from other monitoring
which are available to us suggest about the problem of alachior in
groundwater and surface water?

(o] In the PD 4, dietary exposure/risk was calculated for alachlor and its two

metabolites, DEA and HEEA. Would we expect these metabolites to be
present in groundwater and surface water? If so, are there methods

| & Printed on Recycled Paper ,,>7
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developed for testing for the metabolites? If so, are there monitoring results
showing the levels?

(o] How geographically widespread is the problem?

o) How many states in the U.S. have alachlor contaminated groundwater and
surface water?

o Which states are these?
(o] Are there common contamination areas?
o Is the contamination from a point source or a non-point source? If both,

which is the larger concern?

o Is it possible to determine how much of the population is exposed?
o  What are the levels of exposure?
o How many detections above or below the MCL was alachlor found in

groundwater and surface water?

o Has the Agency received any new surface water contamination data since
the final determination which would confirm or alter surface water
contamination conclusions?

o Which is the best way to deal with the problem of both groundwater and
surface water contamination - state or national regulations?

o] What are some of the measures most likely to be effective in preventing
- groundwater and surface water contamination on a national basis?

o] Is there any other information which would help to determine whether or not
OPP needs to proceed with a Special Review?

Please contact Beth Edwards (308-8023) of my staff to discuss due dates or
if you have any questions regarding this request. Thank you.
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< Daia of Loper et al.. 1985. 20 ppb finding sttributed 1o Pornt source: Mean without 20 ppb case is 0.80 peb.

¢ Libra. 1984,
 Hauverp. et al., 1905,
¢ Fincings discussed in text.

in severa! States, alachlor was not
detected in any of the wells sampled:
Vermont. 165 wells: Kansas, 58 wells:
Nebraskas. 75 wells: and Arkansas. 28
welis. However. in each of these
surveys. the limit of detection was
higher than usual. being 0.4 ppb in the
Kansas study and 1.0 ppb in the other
three. Limits of detection for slechlor in
water are usually between 0.15 end 0.28
ppb. and lower levels heve been
schieved in some studies.

As noted in Table 3. several high
detections in these studies are
sitributable to point source
contamination. For example, in the
Ontario study {which also used 2 1.0
ppb detection limit), the authors
attributed 8 out of 21 positive wells to
leaching following normal agricultural
-use. and the rest to runoff incidents or
spills. These 8 wells showed a range of
1.0 10 12 ppb, with a mean of 4.2 ppb.
-Similarly, the Pennsylvanis data show
that the highest detection of 20 ppb
occwrréd near & chemical distribution
center, which suggests & point source for
thet positive reading.

High levels of alschlor reported in 1 of
the 2 positive wells in Florida (out of
about 250 wells sampled) appear to be
anomalous. The Florida Department of
Agriculture and Consumer Services is
unsure of the cause of contaminastion for
the well in question, but consistently
high levels ranging from 42 10 99 ppb in
monthly samples suggest a point source.
For the second well. slachlor was
initially detected a! 83 ppb, but
subsequent testing found levels between
2 ppb and 4 ppb. The Florids
Department of Environmenta)
Regulation attributes the presence of
alachlor in this well to leaching
following normal agricultural .
applications. -.

The two wells positive for alachlor in
Florids are in different counties. Since
the Floride study tested s high number
of drinking water wells in five counties
near farms known to have used slachlor,
end found only these two positive -
results, the Agency cannot reach any
definitive conclusions regarding slachlor
contamination of ground water in
Florida. : .

The rate of positive alachlor
detections in private wells veries
considerably from study fo study,
ranging from 0.8 percent to 13.3 percent.
It appears that the rate of positives for.
privete wells is greater then the rete in
public wells, although this is not

considered to be & statistically valid
data base.

Only one on-going study is available
involving wells dug for the purpose of
studying alachlor leaching to & shallow .
aquifer (between 8 and 19 feet from the

soil surface) beneath treated fields. This |

is & joint study by the Wisconsin
Department of Naturs! Resources end
the Department of Agriculture, Trade
and Consumer Protection (Postle and
Jones. 1888: Postle. 1987). Nine fields in
counties were monitored with 3 wells
r field. It was concluded that one

ield. with readings up to 113 ppb. had
been the site of & spill. Of the remaining
8 fields/24 wells. 8 fields/5 wells were
positive, with & range of 0.1 to 7.7 ppb.
and a mean of 2.1 ppb. In July and
August of 1987, 8 edditional fields were

- sampled once. with no positive

detections of alachlor.

In summary. the additional dats on
ground water received and evaluated by
EPA are essentislly consistent with the |
dats reported in the previous alschlor |
potsition documents. The availeble }
information shows that alachlor
residues do occur in ground water, and
that leaching following normal
agricultural use is one of the likely
causes for such contemination. as are

g
opills. careless handling or disposal. end monitoring date on alachlor runoff to

surfece runoff events in conjunction
with improper or inadequate well
construction. it appeers thet detected
alachlor residues in ground water
stiributable to leaching afier normal use
are rarely higher then 10 ppb and
typically fall in the range of 0.2 to 2.0
ppb. The availsble dats base does not
&n sdequate basis foru risk -

! ~detection [0.2 ppb

drinking water. The registrant submitted
monitoring data gathered ir 1985 on 24

eommunily water sopplies (CWS
The registrant’s 1%5%?07&6\"
‘elechlor residues in 14 of the 2¢ CWSs

/ (42 percent). The communities were

located in sress of high alachlor use in
seven States. Results were reported for
weekly composites of daily semples -
“<over the entire calendar vear. The
bighest weekly composite concentration
was 10.9 ppb. Annualized mean
concentrations renged from the limit of
detection (0.2 ppb] to 8 high oi 1.5 ppb.

The registrant’s data and other studies
show thst alachlor levels tend 1o pesk

_just after the application season. in May
" and June. and decline rapidly thereafter.
In some bodies of water. alachlor levels

-trop below the limits of detection in
later months. while in some studies.
slachlor has been detected throughout
the year. _

The registrant submitted & similas
study of 30 CWSs in areas of high
alschlor use for 1966. Alschlor was

- detected in 13 of these locations. with

i the highest weekly composite

concentration 8t 8.5 ppb. and annualized
mesn concentrstions from the limit of

10 0.98 ppb
D that the

The Agency not

surface waters under various conditions
tended to confirm the resuits of
mathematical modeling predictions.
Thus. the Agency is reasonably

- confident in estimating that for areas of
‘bigh alachlor use. residues which may
occur in some sources of drinking water
will an en annualized basis. generally

provide ‘(- -be below 2 rpb. and more likely fall in
sssessment. because it is not considered! the nnBjM&ng._(—\J
“Finally, It should be noted that

adequately representative of slachlor's
use in terms of geographic arens snd

- associsted bydrogeologic conditions.

) Alse, the dats base consists of various
studies employing different criteria, , .

. methodalogies and levels of quality - o

control. The registrant’s large stale
monitoring study. conducted under &
eingle, consistent protocol approved by

- EPA. should provide s more appropriate

dats base for determining the actual
extent to which alachlor use may pose &
threat to ground water. e

b. Surface water. Additional dets on
alschlor residues in surfsce water were
submitted in response to the PD-1. The
TSD presented surface water sempling
data involving over 0 eltes from ¢
number of States and Canada. Only
some of these date concerned sources of

slachlor residues have been reported in
“8in water samples collected st seversl
sites between 1984 and 1986 by Dr.
- David Baker of Heidelberg College. All
- positive slachior detections reported for
rein water have been in the low parts
per billion range. The highest peak level
reported is 6.56 ppb. and the mean levels
{simple erithmetic means) for the
various sies range from 0.02 ppb 10 1.67
- ppb. The machanism by which these
residues occur in rain waeter is unknown.
but presumsbly hes to do with
-volstilization of elechlor efier it is
applied. Since the serial application of
slechlor was largely discontinued afier
the 1964 season due ¢o labeling -
amendments, and essentially identical
levels in rsin wsler are reported for 1985
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PERSISTENCE OF HERBICIDES IN SELECTED RESERVOIRS IN THE
MIDWESTERN UNITED STATES: SOME PRELIMINARY RESULTS

By Donald A. Goolsby, William A, Battaglin, James D. Fallon, Diana S. Aga,
Dana W. Kolpin, and E. Michael Thurman

ABSTRACT

Preliminary results from a study of herbicides in 76 midwestern reservoirs show that some
herbicides and metabolites of atrazine and alachlor are detected more frequently throughout the
year in reservoirs than in streams. Except for a short period after application to cropland,
herbicide concentrations also are generally higher in reservoirs than in streams. Herbicides or
their metabolites were detected in 82 to 92 percent of the reservoirs sampled during four periods
from late April through early November 1992. Atrazine was detected most frequently and in
highest concentrations, followed by an alachlor metabolite (alachlor ethanesulfonic acid), and
two atrazine metabolites (desethylatrazine and deisopropylatrazine). The longer persistence of
some herbicides and metabolites in reservoirs than streams is attributed to longer half lives for
these compounds in the water column than in the soil where concentrations of organic matter
and microorganisms are much higher and contribute to rapid biodegradation of herbicides. A
second contributing factor is long-term storage of water in reservoirs that originates as spring, _ |
and summer storm runoff from cropland and which contains high concentrations of herbicides. ‘

BT A S

INTRODUCTION

Reservoirs are an important part of hydrologic systems in the Midwestern United States.
According to data compiled by Ruddy and others (1990), about 440 large reservoirs (normal.-
storage capacity greater than 5,000 acre-feet) in 11 upper Midwestern States mscharge P
streamflow to the Mississippi River by way of tributaries. The primary function of these._ R
reservoirs is to impound surface water for many uses, mcludmg flood control, hydropowcr, I
recreation, and aquatic life habitat. These large reservoirs and numerous smaller reservoirs alsq"
can serve as sources of drinking water for public supplies. In addition to storing surface Water, cane
reservoirs also can store undesirable substances such as sediment and toxic chemicals mcludmg, .'
pesticides. Most of the sediment entering reservoirs is permanently trapped and deposited on.the.
bottom of the reservoir. However, chemicals such as soluble herbicides generally remain in the e
water column and are stored only temporarily until they are flushed from the reservoiror
removed from solution by biotic and abiotic processes.

Storage of herbicides is a potential problem in reservoirs that receive drainage from . .
agricultural areas in the upper Midwest. Recent studies by the U.S. Geological Survey (USGS) .. .
(Thurman and others, 1991, 1992; Goolsby and others, 1991) have shown that most streams in
the upper Midwest contain herbicides at some time during the year. Large quantities of .
herbicides are flushed from agricultural fields each spring and summer during rainfall following
application of herbicides. Median concentrations of the herbicides atrazine, alachlor, cyanazine, .
and metolachlor in streams increased by at least an order of magnitude from March and April
1989 to May and June 1989. For example, the median concentrations of herbicides in
Midwestern streams, in 1989, ranged from less than 0.3 pg/L before planting to as much as

|fo
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3 ug/L after planting, and the maximum concentrations in 3 few streams reached 100 pg/L
(Thurman and others 1991). During late spring and early summer, concentrations of atrazine can
exceed the U.S. Environmental Protection Agency’s maximum contaminant level (MCL) for
drinking water of 3 pg/L for several weeks to several months in both small streams and large

rivers, such as the Mississippi River.

Because reservoirs collect and store water, they can be affected by storm runoff that
contains large concentrations of herbicides for a much longer period of time than the streams
that supply the reservoirs (Stamer and Zelt, 1992). This can substantially affect the water quality
of streams downstream from reservoirs. The length of time that reservoirs discharge water with
elevated concentrations of herbicides depends on a number of factors including residence time
of water in the reservoir, timing of inflow to the reservoir, land use and herbicide use in the
contributing drainage area, and the timing and intensity of rainfall. Unregulated streams exhibit
the flush effect (Thurman and others, 1991), which can produce high concentrations of
herbicides for short periods of time. In contrast, peak concentrations of herbicides in streams
regulated by reservoirs are much lower, but elevated concentrations (near or above MCLs) can
persist for much longer periods of time. Stamer and Zelt (1992) have shown that atrazine
concentrations in Perry Lake, Kans., remained near or above the MCL of 3 pg/L. from March
1989 through October 1989 and above 1pg/L through February 1990, whereas atrazine
concentrations in the principal tributary to Perry Lake exceeded the MCL for only a few months
in late spring. However, atrazine concentrations in some of the samples from tributaries
exceeded 10 pg/L during this period and much of the water in Perry Lake was replaced with
containing these atrazine concentrations. Because little additional inflow to Perry Lake occurred
after early summer, this “herbicide rich” water was stored in the reservoir until the next spring,
when the cycle was repeated. '

The process of storage and attenuation of herbicides documented in Perry Lake likely
occurs in most other Midwestern reservoirs to greater or lesser degree depending on physical
and hydrologic characteristics of the reservoirs and land use in the reservoir drainage basin.
Atrazine concentrations in mid-winter samples during 1990-92 from several large reservoirs in
Illinois, Jowa, Kansas, and Missouri are listed in table 1. Water samples from many of these
reservoirs had atrazine concentrations of at least 2 pug/L. during this time, which likely reflected
the storage of herbicide-laden inflow originating from the “spring flush.” In general, it appears
that the larger the volume-to-drainage area ratio of the reservoir, the greater the atrazine
concentration.

The way in which unregulated streams in the Midwest respond to the seasonal application
of herbicides has been documented (Thurman and others, 1992; Goolsby and others, 1991).
However, the temporal distribution of herbicides in streams regulated by reservoirs has not been
examined. In addition, the process(es) by which physical, hydrologic, and land use
characteristics of reservoirs and their contributing drainage areas interact to affect herbicide
concentrations in the outflows from reservoirs has not been studied. In order to develop an
understanding of these processes in reservoirs, a study was begun as part of the USGS’s Toxic
Substances Hydrology Program in April 1992. The study is still in progress at the present time
(May 1993). The purpose of this paper is to describe the study plan and to summarize some of
the preliminary study results.

[/
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Table 1.—Atrazine concentrations in water samples from selected midwestern
reservoirs during winter months, 1990-92

[Vol/DA, volume to drainage area ratio; acre-ft, acre-feet; GC, gas chromatography;
ELISA, immunoassay; pug/L, micrograms per liter, --, no data]

Atrazine Atrazine
concentration concentration
Sample Vol/DA by GC by ELISA
Reservoir date (acre-ft/acre) (ug/L) (ng/L)
Minoi
Carlyle Lake outflow 1-3-92 0.14 -- 23
Lake Decatur outflow 1- 8-92 .05 - 2
Rend Lake Spillway 1-2-92 59 -- 6
Lake Shelbyville outflow 1- 8-92 31 - 1.1
Lake Springfield at Sugar Creek  1-30-92 34 -~ 25
Lake Springfield at 1-30-92 34 -- 40
Spaulding Dam
IQ- wa
Coralville Lake 2-21-92 0.01 - 2
Corydon Reservoir winter, 1992 -- -- 10
Rathbun Reservoir --12-90 58 3.7 ‘ -
Rathbun Reservoir 2-20-92 58 -- 2.8
Red Rock Reservoir 2-12-92 .01 -= 2
Saylorville Lake 2-12-92 02 -- 1
Kansas
Perry Lake 2-391 34 3.9 -
Missouri
Long Branch Reservoir --12-90 S50 20 -
Smithville Reservoir --12-90 1.06 3.6 -

(F2
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STUDY AREA AND PLAN OF INVESTIGATION

The study area (fig. 1) was defined as all hydrologic units in parts of 11 states (Illinois,
Indiana, Towa, Kansas, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and
Wisconsin) that drain to the Ohio, Upper Mississippi, and Lower Missouri Rivers. This area
comprises about 450,000 mi? and is virtually the same area covered by the 1989-90
reconnaissance for herbicides in streams (Thurman and others, 1991; 1992).

The primary objectives of the study are to (1) determine the occutrence and temporal
distribution of selected herbicides and herbicide metabolites in the outflow from selected
reservoirs in the upper Midwest, and (2) determine if the persistence of large concentrations
(greater than about 1 pg/L) of herbicides in reservoir outflow can be quantified on the basis of
reservoir and drainage-basin characteristics, hydrology, land use, herbicide use, and climate.
Some specific hypotheses to be tested are--

1. Herbicides will be detected in Midwestern reservoirs for a longer period of time than in
unregulated streams, but peak concentrations will be lower in the reservoirs than in
these streams. »

9 The duration of herbicide concentrations in reservoir outflow above a threshold value
can be explained (statistical model) by reservoir and drainage-basin characteristics,
land use, herbicide use, rainfall (intensity, timing and amount), and stability (half-lives)
of individual herbicides. Consequently, the probability that a herbicide such as atrazine
will persist in a reservoir all year above a specified concentration can be predicted.

3. The occurrence and concentrations of herbicides and herbicide metabolites in the anoxic-
hypolimnia of reservoirs during summer stratification differ from those in the aerobic

epilimnia.

Reservoirs for study were selected from the reservoir data base compiled by Ruddy and”™
others (1990). The principal criterion for selection of reservoirs was that data on reservoir '
volume and reservoir discharge must be obtainable so that the residence time of water in the
reservoir and the timing of outflow can be determined. In addition, the reservoir outflow must be
accessible for sampling. The reservoir data base was screened to determine which reservoirs met
these criteria. As a result of this screening, 74 of the 440 reservoirs in the reservoir data base
were selected for sampling. Two additional reservoirs, Lakes Monona and Waubesain -
Wisconsin, which form a chain of reservoirs receiving outflow from Lake Mendota, also were
selected. These three reservoirs will be treated as a single unit. Locations of these 76 reservoirs:
are shown in figure 1.

The outflow from each reservoir was sampled six times (approximately bimonthly) from
April 1992 through March 1993, and a seventh time in mid-summer 1993. Samples are
collected near the centroid of flow or other outflow point by methods that provide a
representative sample of dissolved herbicides and nutrients in the outflow from the reservoir.
During August 1992, herbicide samples, dissolved oxygen profiles, and temperature profiles
were collected near the deepest point in 19 selected reservoirs to examine the effect, if any, of
chemical stratification on herbicide concentrations. Herbicide samples were collected near the
surface and near the bottom of each reservoir.

l#2
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All samples are analyzed for 11 herbicides (alachlor, arazine, ametryn, cyanazine,
metolachlor, metribuzin, propazine, prometon, prometryn, simazine, and terbutryn) and at least
5 herbicide metabolites (desethylatrazine, desisopropylatrazine, deethylcyanazine, cyanazine
amide, and deethylcyanazine amide) by gas chromatography/mass spectrometry (GC/MS). A
metabolite of alachlor, [(2,6-diethylphenyl)(methoxymethyl) amino-2-oxoethane sulfonic acid],
(ESA) is analyzed by immunoassay following isolation on C,g cartridges (Diana S. Aga,
U.S. Geological Survey, written commun., 1993). Selected ESA samples are confirmed by high-
performance liquid chromatography. Samples are also analyzed for mmte, nitrate, ammonia,
orthophosphate, and silica.

Ancillary data including land use, herbicide' use, rainfall, and reservoir characteristics, are
obtained from the following sources and stored in a geographic information system (GIS):

_Data Type Source
Land Use 1987 Census of Agriculture data.
Herbicide Use Gianessi and Puffer, 1990.
Rainfall National Weather Service.

Reservoir characteristics U.S. Geological Survey and Corps of Engineers data bases.
PRELIMINARY RESULTS AND DISCUSSION

Analytical results from samples collected during the first four sampling periods, during
April through November 1992 indicate that a number of herbicides and/or their metabolites, are
present in many Midwestern reservoirs for long periods of time. The four sampling periods
include pre-planting (late April-early May), post-planting (late June-early July), late summer
(late August-mid-September), and fall (mid October-early November). Herbicides were detected
in 82 to 92 percent of the 76 reservoirs during all four sampling periods. Four compounds
(atrazine, desethylatrazine, desisopropylatrazine, and metolachlor) were detected in more than
half the reservoirs during the fall (October-November sampling; table 2), whereas only atrazine
was detected in more than one half the streams sampled in the fall of 1989 (table 2). One of the
most notable differences between the occurrence of herbicides in reservoirs and streams is the
much higher frequency of detection of cyanazine and desisopropylatrazine in reservoirs. A
possible explanation (hypothesis) for this observation is that these two compounds are much
more stable in the water column of lake and streams than in soil, where organic matter and
microorganisms promote rapid biodegradation. Consequently, late spring and summer runoff
can flush large amounts of these two compounds into reservoirs, where they can persist in the
water column for long periods of time. Neither cyanazine nor desisopropylatrazine was detected
in streams during the fall (table 2) because these compounds are no longer present in significant
amounts on the agricultural fields where they were applied. This hypothesis points to the need
for data on the half-lives of herbicides and insecticides in water. Virtually all available data on
the half lives of herbicides are for soils. Water-column-half lives are particularly important with
regard to the persistence of herbicides in reservoirs, lakes, and estuarine systems.

The spatial distribution of the detections of herbicides and metabolites in the 76 reservoirs
is shown in figures 2 and 3 for the four sampling periods. These figures also show which
reservoirs contained herbicides in concentrations that exceeded MCL’s and/or health advisories
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Table 2. - Herbicides analyzed and percent detections in Midwestern reservoirs during 1992, and
in Midwestern streams during 1989.
{1g/L, micrograms per liter; ESA, ethanesuifonic acid metabolite of alachlor;; —, no data <, less than; N, number of samples]

76 Midwestern reservoirs in 1992 Midwestern streams in 1989
Reporting  late April-  late June- late August- late October- pre- post- fall
Herbicide limit mid-May early July  early September ecarly November  application application low-flow
(ng/L) (N=55) (N=132) (N=145)
alachlor 0.05 36 48 26 16 18 86 12
ametryn .05 0 1 3 1 0 0 0
atrazine 05 72 92 86 80 91 98 76
Cyanazine .05 49 65 56 46 - - -
0.2 25 40 33 26 5 63 0
desethyl-
atrazine 05 63 78 74 70 54 86 47
" desisopropyl-
atrazine 05 58 70 63 62 9 54 0
metolachlor .05 46 62 52 51 34 83 4
metribuzin .05 12 9 5 0 2 53 0
prometon 05 14 15 14 0 23 6
propazine 05 2 10 5 1 0 40 <1
ESA 1 72 79 77 64 - - -

IReporting limit for Midwestern streams in 1989 was 0.2 ug/L. Percent detections for both reporting limits are given for data
from 76 Midwestemn reservoirs.
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(HA’s) for drinking water. MCL’s apply to average annual concentrations and are legally
enforceable under the 1986 Safe Drinking Water Act, whereas HA’s are not enforceable.
Exceedence of MCL'’s or HA’s is of concern because many Midwestern reservoirs are used for
public water supply. Concentrations of one or more herbicides exceeded MCL’s or HA’s in

8 reservoirs during the first sampling period, in 16 reservoirs during the second sampling period
(fig. 2), in 7 reservoirs in the third sampling period, and in 2 reservoirs during the fourth
sampling period (fig. 3). More herbicides and metabolites were detected in reservoirs in areas
where use of herbicides is most intense--that is, the area from eastern Kansas and Nebraska to
Ohio (figs. 2 and 3).

One of the most significant findings from this study to date is the abundance and
persistence of herbicide metabolites in reservoirs. Data are presently available from this study on
two metabolites of atrazine (desethylatrazine and desisopropylatrazine) and one metabolite of
alachlor, ethanesulfonic acid (ESA). The occurrence of atrazine metabolites in streams and their
use as indicators of surface-water/ground-water interaction has been reported previously by
Thurman and others (1991, 1992). The presence of ESA in ground water was recently reported
by Baker and others (1993) and Kolpin and others (1993). However, the present reservoir study
is believed to be the first systematic effort to investigate ESA in surface water. The frequency of
detection was greatest for atrazine, followed by three metabolites, ESA, desethylatrazine, and
desisopropylatrazine in the 76 reservoirs during the four sampling periods (table 2). The overall
median concentrations of these four compounds followed the same order. Cyanazine,
metolachlor, and alachlor were fifth, sixth, and seventh, respectively with respect to frequency
of detection and median concentration. Previous studies have shown that the herbicide, alachlor
is not very persistent in streams (Thurman and others, 1991, 1992; Goolsby and others, 1991) or
in ground water (Kolpin and others, 1993). However, this does not appear to be the case for one
of its metabolites, ESA, which apparently is both mobile and relatively persistent (stable) in
surface water.

The temporal distribution of atrazine, alachlor, and three metabolites during the four
reservoir sampling periods is shown in figure 4. Also shown for comparison purposes is the
temporal distribution of these compounds (except ESA) during the 1989 reconnaissance of
Midwestern streams (Thurman and others 1991, 1992). These results indicate that
concentrations of atrazine and its metabolites in streams shortly after herbicide application are
higher than in reservoirs. However, at other times of the year, concentrations are somewhat
higher in the reservoirs, particularly concentrations of the two metabolites of atrazine.
Desisopropylatrazine was detected infrequently in streams prior to application and not at all in
the fall of the year (fig. 4). In contrast, this metabolite of atrazine was detected in 58 to 70
percent of all samples collected during the four reservoir-sampling periods. As hypothesized
previously, the reason for this large difference in frequency of detection is probably the short -
half life for desisopropylatrazine in soil combined with its much longer half life in the water
column, and long-term storage of this compound in the water mass within reservoirs.

With regard to alachlor there appears to be little difference between concentrations in
streams and reservoirs except shortly after application when concentrations in streams are higher
(fig. 4). Alachlor disappears rather quickly in streamflow and in reservoirs, consistent with data
reported for Perry Lake in Kansas (Stamer and others, 1993). ESA appears to be a major soil
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HERBICIDE OR METABOLITE CONCENTRATION, IN MICROGRAMS PER LITER
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metabolite of alachlor (Baker and others, 1993); however, it is not known whether significant
degradation of alachlor to ESA occurs in the water column of streams and reservoirs. The ESA
concentrations in reservoirs were similar during all four sampling periods (fig. 4).

Data on herbicide and nutrient concentrations, reservoir inflow and outflow (residence
time), rainfall-patterns, pesticide use and land use will be available upon the completion of this
study.
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